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PREFACE

This report was prepared by the University of Dayton Research Institute
for the Federal Aviation Administration Technical Center under Contract
FA74WA-3532 during the period April 1980 through March 1981. The report
describes the third refined version of the Dayton Aircraft Cabin Fire Model
(DACFIR).

Work was performed at the University of Dayton under the supervision of
Nicholas Engler. Others at the University who contributed to this program are
John Myers, Steven Vondrell, Thomas Shirley, and Zalfa Abdelnour. Much of the
original development of the DACFIR model is due to Jerry Reeves, Peter Kahut,
and James Luers. The author wishes to thank Gretchen Walther, Jacquelin
Aldrich, and Pamela Ecker for their assistance in preparing this report.

ii!



TABLE OF CONTENTS

Section Page

1 INTRODUCTION I

1.1 Definitions and Conventions 1
1.2 Program Structure 3

2 PREPARATION OF INPUT DATA 11

2.1 Program Control Data 11
2.2 Cabin Geometry Description 14
2.3 Materials Flammability Data 18
2.4 Ignition Mode 22

3 SAMPLE INPUT AND OUTPUT 28

4 PROGRAM STATISTICS 34

5 REFERENCES 35

Appendix A Listing of the DACFIR3 Computer Code A-1

Appendix B Expressions for Several Quantities Used in the B-1
Modeling of Interior Fires

4! DTI 0  GA

Page A-163 is irtenti(Way left
blank per mrs. San, FAA/Library

Dist



LIST OF ILLUSTRATIONS

Figure Page

1 Cabin Lining Surface Numbering and Element Indexing 2

2 Seat Surface Numbering and Element Indexing 2

3 Organization of the DACFIR3 Program 4

4 Subroutine Calling Diagram for DACFIR3 10

LIST OF TABLES

Table Pae

I DACFIR3 Subroutines 5

II Program Control Data 12

III Cabin Geometry Description 14

IV Materials Flammability Data 18

V- _Ignition Mode, Data 23

VI DACFIR3 Sample Input Data 29

VII DACFIR3 Sample Output 31

iv



SECTION 1

INTRODUCTION

This volume contains a description and guide for the use of the Dayton
Aircraft Cabin Fire simulation program (DACFIR3). DACFIR3 differs substan-
tially from earlier versions of the OACFIR program. User's guides for earlier
versions were given in Volume III of reference 1 and Appendix C of reference
2. While this volume draws from material presented in the earlier volumes,
familiarity with Versions 1 and 2 of DACFIR is not necessary for the use of
the present version. The intent of this user's quide Is to provide instruc-
tion for the efficient use of DACFIR3, but not to present the construction of
the computer code in detail. The guide provides an annotated flow chart of
the main controlling program, instructions for preparing the input data,
sample input and output, program statistical data, and a listing of the com-
puter code. The code listing, given in Appendix A, contains a large number of
comment statements which provide a line-by-line description of the operation
of the program.

1.1 nEFINITIONS AND CONVENTIONS

In the DACFIR program, the cabin may consist of one to four compart-
ments, each of identical cross section, which are assumed to be connected end
to end. The interior of each compartment consists of from six to 22 horizon-
tal and vertical surfaces. Two of these surfaces are the partitions which
divide the cabin fore and aft to form the compartment. The remaining four to
20 surfaces are parallel to the cabin fore-aft direction and represent the
floor, sidewalls, hatracks, stowbins, passenger service units (PSU's), and
ceilings. One of the compartments contains the "detailed section" defined as
the portion of the interior where the element grid scheme is applied. Within
this detailed section the user may specify the dimensions and locations of
from one to nine seat groups (rows). The surface of each seat group is
divided into elements of the same size as those on the cabin lining surfaces.

Each surface and seat group is identified by a single number and each
element by a pair of numbers, the element i and j indices. Assignment of the
surface and seat numbers and element indices is made by the program based upon
the values and order of the input data. The conventions and assumptions to be
noted in preparing input are as follows:

(1) All cabin lining surfaces, with the exception of the partitions,
are assumed to be parallel to the cabin y-axis (fore-aft direction.) (See
Figure 1 of this volume and Figure 6 of Volume I.) Each surface is either-
parallel or perpendicular to the x-y (floor) plane, and all surfaces extend
over the full lenqth of the detailed section. The seat group configuration
consists of fixed dimensions as shown in Figure 6, Volume I. All seats must
face forward.

(2) Numbering of the cabin lining surfaces starts with the floor, sur-
face number one, and proceeds counterclockwise (to a viewer facing aft) up the
sidewall, across the ceiling, and down the opposite sidewall to return to the
floor. This scheme is shown in Figure 1 for a cabin arrangement with shelf-
like hatracks and a three part sidewall.
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(3) Each seat group is constructed of seven surfaces as shown in
Figure 2. Numbering of the elements starts with the cushion bottom, proceeds
up the backrest, over the backrest top, down the front, and cver the cushion
top and the seat front to return to the edge of the cushion bottom. Since all
seat dimensions except the width are fixed, the number of elements on each
surface in the direction of the traverse described is fixed. The i-indices of
the elements at the edge of each seat surface are shown in Figure 2.

(4) Description of compartment vents must conform to the following
assumptions. All vents are rectangular openings in a vertical wall, and may
connect adjacent compartments or connect any compartment to the exterior. A
single compartment may be unvented or may have any number of vents to a maxi-
mum of six.

1.2 PROGRAM STRUCTURE

DACFIR3 consists of two major sections: one to integrate the set of
*differential equations which model the cabin atmosphere, and one to simulate

the spread and course of burninq of the cabin interior materials. As the
simulation steps ahead in time these two sections are alternately executed to
provide the proper coupling and feedback relationships between these two more-
or-less separate parts of the problem. As explained in Section 2.4 of Volume
I, the time scale for changes in the cabin atmosphere model is much shorter
than the scale for changes in the spread simulation. This is due in part to
the choice of the size of the elements for discretization of the cabin
materials. The difference in scales results in the two-loop structure, shown
in Figure 3, for the time stepping procedure. The loop structure contained
within the spread simulation tracks the growth of the groups of contiguous
burning elements that form the fire bases.

Figure 3 identifies the individual subroutines that constitute the major
functional blocks indicated. More information on the purpose of each
subroutine is given in Table I. Figure 4 shows the calling arrangement for
the major subroutines, the smaller utility subroutines being omitted for
clarity of the diagram.

Details of the internal operation of the main program and each
subroutine are provided by the many comment lines in the program code. The
comments also give the definitions, dimensions, and units of all variables.
A listing of the FORTRAN code of DACFIR3 is given in Appendix A.
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TABLE I

nACFIR3 SUBROUTINES

Name Called by Function

AFP DACFIR3 Computes the total areas of all materials
in the smoldering, flaming, and charred
states. Computes the total rates of gas
and smoke emission by all materials in
the smoldering and flaming states.

ATMOS DACFIR3 Controlling routine for the integration
of the cabin atmosphere equations. One
pass through ATMOS produces an update of
the atmosphere variables by one small
time step.

AUXOUT DACFIR3 Output routine for writing variables to
Unit 8 for plotting or other uses.

COND DACFIR3 Computes the fire spread to elements
adjacent to a fire base for all base
areas on lining surfaces.

CONDS DACFIR3 Computes the fire spread to elements
adjacent to a fire base for all base
areas on seat surfaces.

CONV ESET1/ESET2 Finds the convective heat transfer rates
between lining surfaces and the gases in
each zone.

COVER CONV Computes the area of contact between a
gas zone and the lining surfaces it
touches.

DECOMP MSLV Deconposes the Jacobian matrix into the
product of a lower-diagonal matrix and an
upper diagonal matrix, the first step in
solving the linear set employed in the
Newton-Raphson solution of the cabin
atmosphere equations.

ECHO DACFIR3 Provides an "echo-check" of the input
data and certain initialization
procedures.

ELEM DACFIR3 Scans all elements to make changes of
state for elements currently In stites 2,
5, 6, and 7. Updates elapsed-time-in-
state clock for elements in states 2, 5,
and 6 and fraction-consumed clock for
state 2 elements.
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TABLE I (Continued)

DACFIR3 SUBROUTINES

Name Called by Function

ESET1, ATMOS, ESETi evaluates the terms in the
ESET2 NWTRAP controling equations of the cabin

atmosphere model. ESET2 is an alternate
entry to this routine which bypasses some
sections which need only be evaluated
once during a time step.

EXTRAP ATMOS Extrapolates from the current values of
the cabin atmosphere variables to new
values at the next time point to provide
a first quess for the iterative solution
of the cabin atmosphere equations.

FCON DACFIR3 Computes the ignition of elements on the
lining surfaces by the contact of flames
from fires on other, non-adjacent lining
surfaces.

FCONS DACFIR3 Computes the ignition of lining surface
elements due to flame contact by fires on
the seats.

FIRE ESET1/ESET2 Finds the total rates of emission of
heat, smoke, and gases at the base plane
of a fire.

HEIGHT ESET1/ESET2, Finds the lower zone depth from the lower
INITLZ zone volume and the cabin cross-section.

INIT2 INITLZ Initializes arrays used to locate the
lining surfaces with respect to one
another and the seats.

INITLZ DACFIR3 Initializes most program variables and
element states.

MSLV NWTRAP Controlling routine for the matrix solu-
tion of the linear equation set used in
the Newton-Raphson method.

NWTRAP ATMOS Controlling routine for the
Mewton-Raphson iterative method for the
solution of the cabin atmosphere
equations.

6
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TABLE I (Continued)

DACFIR3 SUBROUTINES

Name Called by Function

OUTPUT OACFIR3 Provides the printed (Unit 6) output for
the results of the simulation.

PLUME ESET1/ESET2 Finds the rates of entrainment of mass,
energy, and species into the plume and
flame zones of a fire.

PVOL DACFIR3 Computes the transition of lining surface
elements to the smoldering state.

PVOLS DACFIR3 Computes the transition of seat surface
elements to the smoldering state.

RAnTN ESETI/ESET2 Finds the net radiation heat transfer
between the gas zones of the cabin
atmosphere and the cabin lining surfaces.

RAMP DACFIR3 Computes the rates of heat, smoke, and
gas release during the "ramp-in period,"
that time when the ignition source fire
is building to its maximum burning rate.

RATES DACFIR3 Computes the flame absorption
coefficient; flame-to-fuel radiation
levels; and the rates of heat, smoke, and
gas release at the base of a fire.

RDCNTL DACFIR3 Reads in the values of the program
control variables.

RDGMTY DACFIR3 Reads in the values of the variables
descrihing the cabin geometry and ini-
tializes arrays pertaining to the element
indexing scheme.

RDIGIN DACFIR3 Reads in the values of the variablesdescribing the ignition mode for the
simulation and initializes variables
associated with the ignition source fire.

RDMTLS DACFIR3 Reads in the data describing the cabin
interior materials.

RESET DACFIR3 Resets the indicators of the current and
past states of all elements in prepara-
tion for the next pass through the fire
spread calcula'ions.
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TABLE I (Continued)

DACFIR3 SUBROUTINES

Name Called by Function

SCALE ATMOS, Scales the values of the cabin atmosphere
ESET1/ESET2, variables "down" to order one, "up" to
INITLZ the appropriate physical order of

magnitude, and computes scaling factors
for this process.

SCAN DACFIR3 Searches all lining and seat surfaces in
the detailed section to find groups of
contiguous state 3 (flaming) elements.
Organizes these groups into fire bases
and computes a number of parameters asso-
ciated with each fire.

SOLVE MSLV Solves the linear system (matrix
equation) employed by the Newton-Raphson
solution of the cabin atmosphere
equations.

SRFTMP DACFIR3 Computes the surface temperatures and
radiative and convective flux levels to
the cabin lining surfaces.

TEST DACFIR3 For elements in state 3 (flaming) this
routine updates the "fraction-consumed"
clocks; changes those elements due to
burn-out at this time to state 4
(charred); and computes the total rates
of heat, smoke, and gas release for all
current state 3 elements.

VENT ESET1/ESET2 Computes the rates of mass flow through a
single vent between two compartments or
between a compartment and the exterior.

XSEC CONV, HEIGHT, Finds the cross-sectional area (perpen-
SRFTMP, INITLZ dicular to the cabin y-axis) of the lower

gas zone.

8
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TABLE I (Concluded)

DACFIR3 SUBROUTINES

Name Called by Function

Utility Subroutines

These short subroutines are used in many places throughout the program,
mainly for "bookkeepinq" functions.

ISIDE Unpacks data stored in packed form in the
array IF.

CVOT Unpacks data in the arrays ISTATE and
ISTATS.

CWORD Unpacks data in the arrays IWORD and
IWORDS.

LINT Linearly interpolates in the tables of
flammability properties vs. applied heat
flux.

ERROR Provides error checking of some input
data.

9
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SECTION 2

PREPARATION OF INPUT DATA

This section describes the input requirements for DACFIR3. The prepara-
tion of each input record (card) is described including the appropriate
variable names, dimensions, and formats. The input data is divided into four
types: program control, cabin geometry description, materials flammability
data, and the description of the ignition mode. A separate subroutine is used
to read each type of data in the order given above. The input data file is
read sequentially by these four subroutines. Numbering of the input records
is continuous from the start of the file. In Section 3 a sample input file is
presented along with a sample of the output created by this data.

flACFIR3 provides, at the user's option, an exhaustive print-out of all
the input data at a point in the program before the actual fire simulation
begins. The print-out includes the results of the assignments of material

* types and element indices made by the initialization subroutines. Whenever a
new input file is prepared, this "input echo" print-out should be used to
verify the data by specifying ECOFLG - 1 in record type 3 of the program

* control input data.

2.1 PROGRAM CONTROL DATA

Record types 1, 2, and 3 constitute the program control input. One
record of each type must appear in the input file.



TABLE II
PROGRAM CONTROL DATA

Record Variable
Type Column Format Name Dimension Description

1 1-80 20A4 IDENT 20 Run Identification.

2 1-10 F10.1 DELTAT -- Small time step (sec)
Minimum value 0.001 sec.

2 11-20 F10.1 TFINAL -- Stopping time (sec).

2 21-30 F10.1 EPSLN -- Convergence tolerance for
cabin atmosphere
calculations (no units).

2 31-35 15 MAXITR Maximum number of iterations
allowed in cabin atmosphere
calculations.

2 36-40 15 MAXCUT Maximum number of time step
slices allowed in cabin
atmosphere calculations.
Maximum value is 3.

2 41-45 15 JCBSKP Switch to enable skipping of
the evaluation of the
Jacobian in the gas dynamics
calculations. JCBSKP - 1
indicates no skipping. For
all other values, the eva-
luation is skipped if MOD
(ITR,JCBSKP) is not equal to
zero, where ITR is the
iteration number.

2 46-50 15 IRATIO Ratio of passes through the
cabin atmosphere calcula-
tions to a pass through the
flame spread calculations.
Must always be greater than
or equal to one.

12



TABLE 11 (Concluded)

PROGRAM CONTROL DATA

Record Variable
Type Column Format Name Dimension Description

2 51-55 15 ISCALE Modulus to control the fre-
quency of evaluation of
scale factors in the cabin
atmosphere calculations
(milliseconds). If MOD(LT,
ISCALE) is equal to zero
scale factors are recom-
Duted. LT is the time in
milliseconds since the
beginning of this small time
step. (This value may be
less than DELTAT if step

* cutting is in effect.)

3 1-5 15 IPEMS Output printing interval
(sec) for the cabin
atmosphere variables. Must
be an integer multiple of
DELTAT. Unit 6 output only.

3 6-10 15 IPSPR Output printing interval
(sec) for fire spread calcu-
lations. Must be an integer
multiple of DELTAT. Unit 6
output only.

3 11-15 15 IPAUX Flag to control the output
of selected variables to
Unit 8 for off-line
plotting, etc. IPAUX - 1
causes the output to occur,
IPAUX - 0 suppresses this
output. See the listing of
subroutine AUXOUT for the
format of this Unit 8 data.

3 16-20 15 ECOFLG Flag to control the "echo"
printing of the input data.
ECOFLG - 1 causes printing
on Unit 6, ECOFLG - 0
suppresses the printinq.

13
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2.2 CABIN GEOMETRY DESCRIPTION

Record types 4 through 13 contain the input data which describes the
cabin compartmentaton, venting, lining and seating arrangement, materials
identification and other items pertaining to the cabin geometry. With the
exception of record type 13, at least one record of each type must appear.

TABLE III

CABIN GEOMETRY DESCRIPTION

Record Variable
Type Column Format Name Dimension Description

4 1-10 F10.1 CH Cabin floor to ceiling
height (ft). Must be an
integer multiple of 0.5 ft.

4 11-20 F10.1 CW Cabin width at floor (ft).

Must be an integer multiple
of 0.5 ft.

5 1-5 15 NCOMPS Number of compartments.
Maximum value is 4.

5 6-10 15 IFRCMP Number of the compartment in
which an interior fire can
occur.

6 1-40 4F10.1 CL 4 Compartment lengths (ft).
Enter the lengths in the
order of the compartment
numbers.

7 1-5 15 LSN Number of cabin lining sur-
faces (excluding partition
surfaces.) Maximum value is
20.

7 6-10 is NSG Number of seat groups.
Maximum value is 9 and mini-
mum value is 1.

7 11-15 i5 ICLL Surface number of the left-
most ceiling surface
(looking aft).

7 16-20 15 [CLR Surface number of the right-
most ceiling surface
(looking aft).

14



TABLE III (Continued)

CABIN GEOMETRY DESCRIPTION

Record Variable
Type Column Format Name Dimension Description

One to 20 type 8 records may appear in the file. The exact number is given by
the value of LSN. The type 8 records must appear in the order of the surfaces
to which they correspond.

8 1-10 F10.1 SWD 20 Surface "width" (ft). This
is the surface dimension in
the circumferential direc-
tion around the cabin
interior and corresponds to
the direction of the i ele-
ment index (See Figure 1).
Must be an integer multiple
of 0.5 ft.

8 11-20 F10.1 Z 20 Z displacement (height) of
the surface from the floor
(ft). This value is
required only for horizontal
surfaces and must be a
multiple of 0.5 ft.

8 21-30 F10.1 VN 20,3 x component of the surface
normal vector (ft).

8 31-40 F10.1 VN 20,3 y component of the surface
normal vector (ft).

8 41-50 F10.1 VN 20,3 z component of the surface
normal vector (ft).

8 51-55 15 IMATL 20 Material identification
number for the naterial of
this surface. The material
number is determined by the
order of input of the
materials flammability pro-
perties. (See Table IV)

One to nine type 9 records may appear in the file. The exact number is given
by the value of NSG.

9 1-10 F10.1 SGWD 9 Seat group width (ft). Must
be a multiple of 0.5 ft.

9 11-20 F10.1 XCOR 9 X-coordinate of the lefthand
forward corner of the seat
group (ft).

15
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TABLE III (Continued)

CABIN GEOMETRY DESCRIPTION

Record Variable
Type Column Format Name Dimension Description

9 21-30 F10.1 YCOR 9 Y-coordinate of the lefthand
forward corner of the seat
qroup (ft).

Note: The x and y coordinates of the seat group corners are measured with
respect to a coordinate system located at the forward lefthand (looking aft)
corner of the detailed section. The x-axis of this system extends to the
right across the forward edge of the detailed section and the y-axis extends
aft.

10 1-14 712 IMATLS 7 Seat surface material iden-
tification numbers. The
first value is the material
number of surface one of all
seat groups, the second for
surface two, etc. (See
Figure 2 for the definition
of seat surface numbering).

11 1-10 F1O.1 DWS Separation distance between
outboard seat groups and
sidewalls (ft). Must be a
multiple of 0.5 ft.

11 11-20 F10.1 RFWS Flame spread rate from out-
board seats to sidewalls
(ft/sec).

11 21-40 415 IMTLP 4 Material identification
number for the partition
surfaces of each compart-
ment. Enter in numerical
order by the compartment
number. Both partition sur-
faces for a given compart-
ment are of the same
material type.

12 1-5 I5 NV Number of vents in the
cabin. This is the total
number for all compartments.
(A vent must not be counted
twice if it connects two
compartments.) Maximum
value is 24; minimum value
is zero.

16
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TABLE III (Concluded)

CABIN GEOMETRY DESCRIPTION

Record Variable
Type Column Format Name Dimension Description

One to 24 records of type 13 may appear; the exact value is given by NV. If
NV - 0 do not include any records of type 13. A vent connects one compartment
to another or a compartment to the exterior. The numbers of the connected
compartments are given by the first two integer numbers in the record. When
the vent connects a compartment to the exterior specify the exterior as com-
partment number 5. No compartment may have more than six vents.

13 1-5 15 II Compartment number (1 to 5).

13 6-10 15 12 -- Compartment number ( 1 to 5
but not equal to II)

13 11-20 F1O.1 VENTT 24 Distance from floor to top
of vent opening (ft).

13 21-30 F10.1 VENTH 24 Height of vent opening (ft).

13 31-40 F10.1 VENTW 24 Width (horizontal dimension)
of vent opening (ft).

13 41-50 F10.1 FLOW 24 Forced air flow rate through
vent (if applicable)
(ft.3/min). To specify a
"free flow" vent enter this
value as 0.

13 51-55 15 INTO 24 When a non-zero forced flow
is specified this variable
is the compartment number
into which the flow is
directed. Nd value is
required if this is a free
flow vent.

17

I



2.3 MATERIALS FLAMMABILITY DATA

Record types 14 through 36 contain the laboratory flammability data on
the cabin materials and additional related information. The number of records
of each type will in most cases depend on the number of individual material
types used. The numbering of the materials is established by the order in
ahich the type 16 records are read. The material numbering convention set by
the reading of the type 16 records must be preserved in ordering the materials
data on the following records. This requirement is explained in detail for
each record type. Table IV gives specific instructions on the preparation and
ordering of the materials data.

TABLE IV

MATERIALS FLAMMABILITY DATA

Record Variable
Type Column Format Name Dimension Description

14 1-5 15 NMATLS Number of lining and seat
surface material types.
Maximum value is seven and
the minimum value is one.

14 6-10 15 NTXG Number of trace gas species
to be used in the cabin
atmosphere model. Maximum
value is five and minimum
value is zero.

The number of records of type 15 to be included in the input is given by the
value of NTXG, so that a maximum of five and a minimum of zero can appear.

15 1-4 A4 NGS -- Alphanumeric name of the
trace gas specie. Maximum
of four characters is
all owed.

The number of records of type 16 to be included in the input is given by the
value of NMATLS entered in record type 14. At least one type 16 record must
appear. When more than one type 16 record appears, the order of the records
establishes the numerical order for the input of all materials data which
follows.

16 1-10 F1O.1 QTAB 7 Heat of combustion for this
material (Btu/lbm). This is
the "effective value" as
described in Sec. 4.3 of
Volume I.

16 11-20 F1O.1 GTAB 7 Stoichiometric oxygen-to-
fuel mass ratio for this
material (-).

18



TABLE IV (Continued)

MATERIALS FLAMMABILITY DATA

Record Variable
Type Column Format Name Dimension Description

16 21-30 F10.1 WMMTL 7 Molecular weight for this
material (lbm/lbmole)
(sub-unit value or effective
value for pyrolyzate vapor)

16 31-40 F10.1 RTAB 7 Pyrolyzate (fuel) vapor den-
sity (lbm/fts).

16 41-50 F10.1 UTAB 7 Pyrolyzate vapor blowing
velocity at the fuel surface
(ft/sec).

16 51-60 F10.1 RADTAB 7 Fraction of material's total
heat of combustion which is
lost by flame radiation (-)

The order of the data items in the record for record types 17 through 20 must
he in agreement with the order established for the materials by the type 16
records.

17 1-80 8F10.1 QP 7 Threshold radiation flux
levels for transition to the
smoldering state for each
material (Btu/ft2-sec).

18 1-80 8F10.1 TP 7 Transition times to
smoldering for each material
(sec).

19 1-80 8F10.1 TPC 7 Times for the smoldering-to-
charred transition for each
material (sec).

20 1-80 8F10.1 RSS 7 Rates of smoke emission for
each material in the
smoldering state
(partici es/ftz -sec).

Type 21 records contain the trace gas species release rates in the smoldering
state by each material. Each record contains the rates of release of one spe-
cies by all materials. The order of the entries in each type 21 record must
correspond to the order of the materials as given by the order of the type 16
records. The order of the type 21 records must agree with the order of the.
type 15 records. If no trace species are to be used, do not Include any type 21
records in the input file. Note that each rate is interpreted to be scaled by
a factor of 106.
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TABLE IV (Continued)

MATERIALS FLAMMABILITY DATA

Record Variable
Type Column Format Name Dimension Description

21 1-80 8F10.1 RGS 5,7 Release rates of ea~h trace
gas species (ibm/ft4-sec) x
106.

Record types 22 through 34 contain the flaming state properties for each
material. Each record is a table containing six pairi of numbers. The first
member of each pair is a radiation flux level (Btu/ft-sec) and the second is
the appropriate flaming state property for that flux level. The data pairs
should he ordered by ascending values of the radiation flux level. The
qeneral format is illustrated for record type 22. This format applies for all
succeeding record types through 34. The number of records of each type must
equal the number of materials and at least one record of each type must
appear. The order of the records of one type in a group must agree with the
order of materials as established by the order of the tyoe 16 records.

22 1-5 F5.1 TABX 18,7,6 First rAdiation flux level
(Btu/ft4-sec).

22 6-13 F8.1 TABY 18,7,6 First horizontal flame

spread rate (ft/sec).

22 14-18 F5.1 TABX 18,7,6 Second flux level.

22 19-16 F8.1 TABY 18,7,6 Second flame spread rate.

22 27-31 F5.1 TABX 18,7,6 Third flux level.

22 32-39 F8.1 TABY 18,7,6 Third flame spread rate.

22 40-44 F5.1 TABX 18,7,6 Fourth flux level.

22 45-52 F8.1 TABY 18,7,6 Fourth flame spread rate.

22 53-57 F8.1 TABX 18,7,6 Fifth flux level.

22 58-65 F8.1 TABY 18,7,6 Fifth flame spread rate.

22 66-70 F5.1 TABX 18,7,6 Sixth flux level.

22 71-78 F8.1 TABY 18,7,6 Sixth flame spread rate.

23 6 pairs of flux levels and vertical upward flame spread rates(ft/sec) in the format of type ZZ.

24 6 pairs of flux levels and vertical downward flame spread rates
(ft/sec) in the format of type ZZ.

20
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TABLE IV (Continued)

MATERIALS FLAMMABILITY DATA

Record Variable
Type Column Format Name Dimension Description

25 6 pairs of flux levels and times-to-ignite (sec) in the format of

type 22.

26 6 pairs of flux levels and heat release rates (Btu/ft2-sec) for the
flaming state in the format of type 22.

27 6 pairs of flux levels and smoke release rates (particles/ft2-sec)
for the flaming state in the format of type 22.

28 6 pairs of flux levels and smoldering lag times (sec) in the format
of type 22.

29 6 pairs of flux levels and times-to-burn out (sec) in the format of
type 22.

Record types 30 through 34 contain the rates of release of the trace gas spe-
cies in the flaming state. Type 30 records give the rates for the first spe-
cies, type 31 for the second, etc. If there are fewer than 5 trace gases, omit
the corresponding record types. The order of the records within a group of
the same record type should follow the material type ordering established by
the order of the type 16 records. To save space, all rates of release are
scaled by multiplying the values in Ibm/ft 2-sec by 106.

30 6 pairs of flux levels and release rates of the first trace gas
specie (Ibm/ft2-sec) x 100 in the format of type 22.

31 6 pairs of flux levels and release rates of the second trace gas
specie (lbm/ft2-sec) x 106 in the format of type 22.

32 6 pairs of flux levels and release rates of the third trace gas
specie (lbm/ft 2-sec) x 106 in the format of type 22.

33 6 pairs of flux levels and release rates of the fourth trace gas
specie (Ibm/ft2-sec) x 106 in the format of type 22.

34 6 pairs of flux levels ang release rates of the fifth trace gas
specie (lbm/ft -sec) x 10 in the format of type 22.

Record type 35 contains the bulk thermal properties of the materials, one
record for each material type. The number and order of the type 35 records
must follow that established by the type 16 records.

21



TABLE IV (Concluded)

MATERIALS FLAMMABILITY DATA

Record Variable
Type Column Format Name Dimension Description

35 1-10 F10.1 CPM 7 Specific heat capacity of
the material (Btu/lbm-R).

35 11-20 F10.1 RHOM 7 Density of the material

(lbm/ft3 ).

35 21-30 F10.1 TKNS 7 Material thickness (ft).

35 31-40 F10.1 CNDCTY 7 Thermal conductivity* for
the insulation behind this
material (Btu/ft-sec-R).

35 41-50 F10.1 TKNSIN 7 Insulation thickness* (ft).
• Insulation properties are required only for cabin lining surface materials.

36 1-10 F10.1 TAM -- Ambient temperature (R).

36 11-20 F1O.1 PAMB -- Ambient pressure (lbf/ft2)

2.4 IGNITION MODE

Record types 37 through 47 describe the mode of ignition of the cabin
fire including the characteristics of the ignition fire fuel and gases which
may enter the cabin from an exterior fire.
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TABLE V

IGNITION MODE DATA

Record Variable
Type Column Format Name Dimension Description

37 1-10 F10.1 QCI Heat of combustion of the
ignition fire fuel (Btu/lbm)
(Use the total value, not
the "effective" value as in
the case of the cabin
materials).

37 11-20 F10.1 GAMI Stoichiometric oxygen-to-
fuel mass ratio for the
ignition fire fuel (-).

37 21-30 F10.1 WMIGN Molecular weight of the
ignition fire fuel
(lbm/lbmole) (sub-unit value
or effective value for pyro-
lyzate vapor). V

37 31-40 FIO.1 RHOI Pyrolyzate ( uel) vapor den-
sity (lbm/fts) of the igni-
tion fire fuel.

37 41-50 F10.1 XMUI Pyrolyzate (fuel) vapor
blowing velocity (ft/sec) of
the ignition fire fuel.

37 51-60 F10.1 RAnI Fraction of the heat of com-
bustion of the ignition fire
fuel that is lost by flame
radiation (-).

37 61-70 F10.1 XMFI Amount of ignition fire fuel
(lbm). This quantity and
the values of RHOI, XMUI,
and RAMPT will determine the
duration of the ignition
fire. See below.

38 1-10 F1O.1 DQI Heat release rate for the
ignition fire (Btu/ft2 -sec).

23
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TABLE V (Continued)

IGNITION MODE DATA

Record Variable
Type Column Format Name Dimension Description

38 11-20 F10.1 RAMPT "Ramp-in" time for the igni-
tion fire (sec). May be
entered as 0.0 if no ramp-in
period is desired.

39 1-10 F10.1 RSI Smoke release rate of the
ignition fire
(particles/ft2-sec).

Columns 11 through 60 of record type 39 contain the rates of release of the
trace gases by the ignition fire. Entries need only be made for the par-
ticular number of gases to e used for a given case. The order of the rates
must conform to the species order established by the type 15 records.

39 11-20 F10.1 RTGI 5 Release rate of the first
trace gas by the ignition
fire (Ibm/ft2 -sec) x 106.

39 21-30 F10.1 RTGI 5 Release rate of the second
trace gas by the ignition
fire (Ibm/ft2-sec) x 106.

39 31-40 F10.1 RTGI 5 Release rate of the third
trace gas by the ignition
fire (Ibm/ft2-sec) x 106.

39 41-50 FIO.1 RTGI 5 Release rate of the fourth
trace gas by the ignition
fire (Ibm/ft2-sec) x 106.

39 51-60 F10.1 RTGI 5 Release rate of the fifth
trace gas by the Igniti gn
fire (lbm/ft2-sec) x 100.

40 1-5 15 IGSN Lining surface number on
which the ignition fire is
located.

24

. . . . . - . . - - , . .. . ..... .-



TABLE V (Continued)

IGNITION MODE DATA

Record Variable
Type Column Format Name Dimension Descripion

41 1-5 15 NIJSQ Number of surface elements
which make up the base area
of the ignition fire.
Maximum value of 100 and a
minimum value of 1.

41 6-15 F1O.1 PIGN Length of the perimeter of
the base area of the igni-
tion fire (ft).

Record type 42 contains the I and J indices of the elements which form the
base of the ignition fire, one pair of indices per record. The total number
of records must be equal to the value of NIJSQ on record type 41. Order of
the type 42 records is not important.

42 1-5 15 IGNIJ 2,100 I index of an ignition fire
base element.

42 6-10 is IGNIJ 2,100 J index of an ignition fire
base element.

Record types 43 and 44 may be used to set any number of lining surface ele-
ments to the charred, and thus inert, state. If no elements are to be so set,
enter a value of zero on record type 43 and do not include any records of type
44.

43 1-5 I5 NIJC Number of lining surface
elements to be set to the
charred state. Maximum
value is 600.

44 1-5 15 I -- I index of a charred
element.

44 6-10 15 J -- J index of a charred
element.

Record types 45, 46, and 47 allow the user to specify the inflow of exterior
fire gases through a compartment vent. If no such inflow is to be specified,
enter a value of zero on record type 45 and omit record types 46 and 47.

25
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TABLE V (Continued)

IGNITION MODE DATA

Record Variable
Type Column Format Name Dimension Description

45 1-5 15 IFRVNT Vent number through which
exterior fire gases may
enter.

46 1-10 F10.1 RHOEFG Density of tht exterior fire
gases (Ibm/ftJ).

46 11-20 F10.1 TEFG Temperature of the exterior
fire gases (R).

46 21-30 FIO.1 FLOWIN Mass inflow rate of exterior
fire qases (lbm/sec).

46 31-40 F10.1 FLWOUT Mass outflow rate of com-
partment lower zone gases
(lbm/sec).

47 1-10 F10.1 CHIEFG 11 Mass fraction of N2 in the
exterior fire gases (-).

47 11-20 F10.1 CHIEFG 11 Mass fraction of 02 in the
exterior fire gases (-)

47 21-30 F10.1 CHIEFG 11 Mass fraction of fuel vapor
in the exterior fire gases

47 31-40 F10.1 CHIEFG 11 Mass fraction of the CO2 in
the exterior fire gases (-).

47 41-50 F10.1 CHIEFG 11 Mass fraction of the H20 in
the exterior fire gases (-).

47 51-60 F10.1 CHIEFG 11 Mass fraction of the first
trace specie in the exterior
fire gases (-).

47 71-80 F10.1 CHIEFG 11 Mass fraction of the third
trace specie in the exterior
fire gases (-).
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TABLE V (Concluded)

IGNITION MODE DATA

Record Variable
Type Column Format Name Dimension Description

If more than two trace species are to be used, include a second type 47 record
for the remaining species and smoke content of the exterior fire gases. If
one or two species are used, all the exterior fire gas composition data may be
included in the one type 47 record.

47 1-10 F10.1 CHIEFG 11 Mass fraction of the fourth
trace specie in the exterior
fire gases (-).

47 11-21 F10.1 CHIEFG 11 Mass fraction of the fifth
trace specie in the exterior
fire gases (-),

47 21-30 F10.1 CHIEFG 11 Concentration of smoke in
the exterior fire gases
(particles/Ibm).

The user has the option of "ramping-in" the ignition fire, that is,
allowing the fire heat and product release rate to grow linearly over a spe-
cified time period until the maximum burning rate is reached. This capability
was added to DACFIR3 to allow a more realistic simulation of a common method
of ignition in full-scale tests, pool fires of liquid fuels.

To prepare consistent values for the data items on record types 37 and
38, the followinq relationships among these properties of the ignition fire
and fuel should be noted. (1) The product of the mass burninq rate, given by
(RHOI).(XMUI), and the effective heat of combustion should equal the specific
heat release rate:

DOI = (RHOI).(XMUI).(I-RADI).(QCI).

The values of DQI, RSI, and RTGI are the maximun release rates of heat, smoke,
and gases for the fully developed iqnition fire which will be obtained after
the ramp-in period. (2) During the ramp-in period, the values of the heat,
smoke, and gas release rates and oxygen consumption rate start at a value of
1/(1 + RAMPT/DELTAT) of their maximum values and increase linearly to their
maximum values at the end of the period given by RAMPT. (3) The total
duration of burning of the ignition fire is computed by the program from the
input values of XMFI, RHOI, XMUI, RAMPT, and NIJSQ as follows:

AFI - (0.25).(NIJSQ)

TBURNI - (0.5).(RAMPT) + (XMFI) / ((AFI).(RHOI).(XMUI))

where TBURNI is the duration of burning In seconds.
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SECTION 3

SAMPLE INPUT AND OUTPUT

Table VI gives a sample input data file for DACFIR3. This is the data
file used to simulate Test 14A discussed in Section 6 of Volume I. This case
involved a sinqle compartment, two vents to the exterior, and no exterior fires.
The iqnition fire was a one square foot pan of Jet A fuel. Four interior
material types were used and five trace gas species concentrations were com-
puted. The other data items, such as integration step size and convergence
tolerance, are typical of the values used in all the testing of DACFIR3 to
date.

Table VII shows the output of DACFIR3 at the simulated time of 120
seconds after ignition for Test 14A.
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TABLE VI

DACFIR3 SAMPLE INPUT DATA

OACFIR3 T1T 14A 24-MAY-1991 02:00:00
2.0 420. 0.0001 10 6 1 4 3

4 4 99 0
7 0 11.0

I 1

34 0
a 1 7 3

11. 0. 0. 0. 1. 1
6. 0. -1. 0. 0. 2
3. 4. 0. 0. -1. 3
1. 6. -1. 0. 0. 2
S. 7. 0. 0. -1. 2
1. 6. 1. 0. 0. 2
3. 6. 0. 0. -1. 3

. . 1. 0. 0. 2
4.5 6.0 3.0

4444444 ,

0.5 0.1 2
2
1 5 S. 3. 2.5 900. 1
1 5 5. 5. 2.5 0. 0
4 5

CO 28.
HCL 36. 5
HCN 27.
Hw 20.
N02 46.
7000. 3.00 100. 0.075 0.10 0.3
7000. 3. 00 100. 0. 073 0. 10 0. 3
7000. 3.00 100. 0.075 0.10 0.3
9971. 2. 19 130. 0. 0733 0. 0973 0. 4
2.2 2.2 2.2 2.2
9999. 23.0 310. 13.0
9999. 6.0 443. 162.0
0. 14.5 7.1 9.31
0. 71.5 0.72 43.7
0. .0 1.1 1.43
0. 0. 414 0. 0 0. 324
0. 36.0 0.0 0.0
0.0 0.0 0.0 0.0
0. 0. 1. 0. 2. 0. 3. 0. 4. 0. 3. 0.
0. 0. 1.32 0. 2.2 0.0172 3.08 0.0417 4.4 0.081 6. 0.128
0. 0. 1.32 0.0018 2.2 0.0048 3.03 0.0089 3.96 0.0112 6. 0.0175
0. 0. 00612 1. 32 0. 00612 2. 2 0. 0171 3.08 0. 0261 4. 4 0. 0693 6. 0. 1220
0. 0. 1. 0. 2. 0. 3. 0. 4. 0. 3. .0.
0. 0. 1.32 0.0455 2.2 0.05 3.08 0.0982 4.4 0.125 6. 0. 137
0. 0. 1.32 0.0018 2.2 0.0048 3.09 0.0089 3.96 0.0112 6. 0.0175
0. 0.00610 1.32 0.00610 2.2 0.0217 3.08 0.0591 4.4 0.0982 6 0. 1560
0. 0. 1. 0. 2. 0. 3. 0. 4. 0. 5. 0.
0. 0. 1.32 0.00543 2. 2 0.0172 3. 08 0. 0684 4.4 0. 0933 6. 0. 1010
0. 0. 1.32 0.0019 2.2 0.0048 3.09 0.0085 3.96 0.0112 6. 0.017!
0. 0. 00410 1.32 0. 00410 2.2 0.0179 3.09 0.0384 4.4 0.0571 6. 0 0797
0. 999. 1. 999. 2. 999. 3. 999. 4. 999. 5. 999.
0. 4. 1.32 5.67 2.2 5.3 3.08 9.55 4.4 4.56 6. 4 56
0. 10. 1.32 9.5 2.2 4. 3.09 6.7 3.96 3.3 6. 3.3
0. 12. 1.32 12 2.2 4. 3.09 4.3 4.4 3.22 4. 3,22
0. 0. 1. 0. 2. 0. 3. 0. 4 0. 5 0.
0. 1. 1.32 1.47 2. 2.23 3.09 2. 4 4. 4 1. 73 4D 1. 73
0 1. 1.32 1.47 ;2 3. 19 3 09 6.56 3.96 5 22 6 5.22
0 1. 17 1 32 1. 17 Z - 2.29 3.09 2 47 4 4 4 25 6 4 25
0. 0. t 0. 2. 0. 3 0 4 0 5 0
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TABLE VI (Concluded)

DACFIR3 SAMPLE INPUT DATA

0. 10. 1.32 14.6 2.2 25.1 3.03 9.12 4.4 17.4 6 27 40. 20 1 32 251 22 39.2 3.0389 7 3.94 79 6 790. 3.29 1.32 329 2.2 9.09 3.08 11.6 4.4 17 6 23. 50. 0 1 0. 2. 0. 3 0. 4. 0 3. 0.0. 0 1320 220. 3.06 0. 4.40. 4. 00 0. 1320 . 2.2 0. 30 0. 39 40. 6 0o. 0. 1.32 0. 2.2 0. 3 06 0. 4.4 0. 6. 0.0. 999. 1. 99. 2. 999. 3 99 4. ,9 5 999O. 15. 1.32 47. 2,2 33.3 3.06 189. 4. 4 241 6. 304.0. 550 1.32 477.5 2.2 534. 3.06293.7 3.96 3393 ,. 433.3O. 760. 1.32 760. 2.2 644. 3.00 666. 4.4 643, 6. 615.0. 0. 1 0. 2. 0. 3. 0. 4. 0. 5. 0.0. 0. 1.32 3.29 2.2 133. 3.06 150. 4.4 107, 6. 107.0. 25. 1.32 30. 2.2 35.5 3.03 92.2 3.96 143.6 6. 263.0. 100. 1.32 100. 2.2 143. 3.06 147. 4.4 236. 6. 344.0. 0. 1. 0. 2. 0. 3. 0. 4. 0. 5. 0.o. 0. 1.32 0. 2.2 0. 3.08 1,53 4.4 15, 6. 31.30. 4. 1.32 . 2.2 5.1 3.08 12.7 3.96 1.7 6. 6.940. 0. 1.32 0. 2.2 0. 3.09 1.99 4.4 4.23 6. 4 230. 0. 1. 1 0 . 2. 0. 3. 0. 4. 0. 5. 0.0. 0. 1.320. 2.2 0. 3.0 0.293 4.4 0.222 6. 0.2220. 0. 1.32 0. 2.2 0. 3.08 0. 3.96 0. 6. 0.0. 0. 1.32 1. 2.2 4.66 3.08 4.9 4.4 11. 6. 18.0. 0. 1. 0. 2. 0. 3. 0. 4. 0. 5. 0.0. 0. 1.32 29.6 2.2 45.2 3.06 15.7 4.4 12.3 6. 12.30. 0. 1.32 o. 2.2 0. 3.09 0. 3.96 0. 6 0 0.0. 0. 1.32 0. 2.2 0. 3.08 0. 4.4 0. 6 0.0. 0. 1. 0. 2. 0. 3. 0. 4. 0. 5 0.0. 0. 1.32 0. 2.2 0. 3.090 . 4.4 0. 4. 0.0. 0. 1.32 0. 2.2 0. 3.08 0. 3.96 0. 6. 0.0. 0. 1.32 0. 2.2 0. 3.06 0. 4.4 1.07 6. 1.070. 25 75. 0. 004 0. 000094 0. 25
0. 25 75. 0. 004 0. 000094 0. 250.25 75. 0.021 0.000084 0.25
0. 25 75. 0. 500 0. 000094 0. 25
542.0 211.29
16500. 3. 43 130. 0. 544 0. 00474 0. 10 0. 74
43.2 20.
43.0 34.1 0.0 0.0 0.0 0.0

4 4.
20 7
20 8
21 7
21 a

0
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SECTION 4

PROGRAM STATISTICS

The DACFIR3 computer program is written in FORTRAN IV and conforms to
the 1966 ANSI standard for this language. The code consists of approximately
4050 source statements augmented by about 2250 comment lines. The comments define
all important variables and detail the function of all parts of the code. A
complete listing of DACFIR3 is contained in Appendix A of this volume.

The computer requirements for running DACFIR3 will differ among dif-
ferent computer systems, but the following data should serve as a rough guide
to the computer requirements involved. The data are for a run made using the
sample input data given in Section 3. The computer was a Digital Equipment
Corporation VAX-11/780 with 1.5 mbytes of physical memory and a speed of about
700,000 instructions per second. Peak virtual memory required was 326,000
bytes. The execution time (cpu time) required was 1500 seconds to simulate
400 seconds of the fire test. A considerable variation of these figures can
be expected if other values for the number of materials, number of
compartments, number of trace gases, integration step size, or convergence
tolerance are chosen.
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APPENDIX A

LISTING OF THE DACFIR3 COMPUTER CODE

This appendix contains the listing of the DACFIR3 computer code. The
language is FORTRAN IV and conforms to ANSI standard FORTRAN (X3.9-1966).

Copies of the proqram may be obtained by contacting the author at the
University of Dayton, telephone (513) 229-3921.
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PROGRAM DACFIR

C
C
C
C COMPUTER SIMULATION OF FIRE WITHIN A TRANSPORT AIRCRAFT CABIN
C
C VERSION 3.0 --- I APR 1981
C
C
C MODEL AND CODE CREATED FOR DOT/FEDERAL AVIATION ADMINISTRATION
C BY THE UNIVERSITY OF DAYTON RESEARCH INSTITUTE DAYTON, OHIO 45469
C
C REFERENCES:
C

C C13 "DAYTON AIRCRAFT CABIN FIRE MODEL VERSION 3".
C VOLUME I -- PHYSICAL DESCRIPTION
C
C C23 "DAYTON AIRCRAFT CABIN FIRE MODEL VERSION 3",
C VOLUME 2 -- PROGRAM USER'S GUIDE AND LISTING
C

C
C

C ABBREVIATIONS USED IN THE PROGRAM COMMENTS:
C

C AMB - AMBIENT
C APNDX - APPENDIX

C AVG - AVERAGE
C CALCS - CALCULATIONS
C CONCS a CONCENTRATIONS
C CRCTN - CORRECTION
C DEFN - DEFINITION
C ELMNT - ELEMENT
C EXCHNG - EXCHANGE
C FP - FORMAL PARAMETER
C GRP - GROUP
C ID - IDENTIFICATION
C ION SRCa IGNITION SOURCE
C INFO - INFORMATION
C LWR = LOWER
C MATL - MATERIAL
C MAX - MAXIMUM*
C MIN - MINIMUM

C NEG - NEGATIVE
C NO - NUMBER
C PARTS - PARTICLES (A MEASURE OF SMOKE DENSITY, SEE C13)
C POM - PROGRAM
C POS - POSITIVE
C PRDCTN - PRODUCTION
C PSTN - POSITION
C RT - RIGHT
C SUBSCR - SUBSCRIPT
C SMLDRG - SMOLDERING

C SPRD - SPREAD

C STMT - STATEMENT
C SUBR - SUBROUTINE
C SURF a SURFACE

C VOL - VOLUME
C VRBL - VARIABLE
C WRT - WITH RESPECT TO
C ZN -ZONE
C

A-2



C-

C VARIABLES AND PARAMETERS IN COMMON 'CNTRL'
C
C DELTAT - SMALL TIME STEP SIZE (SEC). USED IN GAS DYNAMICS CALCULATIONS

C DELTSP - LARGE TIME STEP SIZE (SEC). USED IN FLAME SPREAD CALCULATIONS
C ECOFLG - FLAG TO CONTROL INPUT ECHO PRINTING
C IDELT - SMALL TIME STEP OF THE SIMULATION, VALUE IN MILLISECONDS.
C IDENT - ARRAY FOR STORING RUN ID (ALPHANUMERIC) DATA
C IDTPRV - PREVIOUS SMALL TIME STEP (MILLISECONDS)
C IPEMS - FLAG TO CONTROL PRINTING OF CABIN ATMOSPHERE DATA BY SUBR
C OUTPUT. VALUE - I -> PRINT DATA ON THIS PASS
C IPSPR - FLAG TO CONTROL PRINTING OF FLAME SPREAD DATA BY SUBR OUTPUT
C VALUE - 1 -> PRINT DATA ON THIS PASS
C IRATIO - RATIO OF PASS THRU THE CABIN ATMOSPHERE CALCULATIONS TO A
C PASS THRU THE FLAME SPREAD CALCULATIONS VALUE >- I ALWAYS
C ISAVE - A FLAG TO CONTROL NO OF SCANS OF A SURF BY SUBR FIRE.
C ISCALE - MODULUS FOR RECOMPUTING SCALE FACTORS
C ITFIN - STOPPING TIME FOR THE RUN IN MILLISECONDS.
C ITIME - MAIN TIME CLOCK FOR THE SIMULATION. VALUE IN MILLISECONDS.
C ITIM2 - CLOCK FOR TIMING PASSES THRU FLAME SPREAD CALCULATIONS
C ITIM2 IS INCREMENTED BY ITSPRD EACH FLAME SPRD PASS. VALUE IN

C MILLISECONDS
C ITSPRD - TIME INTERVAL BETWEEN PASSES THRU THE FLAME SPREAD
C CALCULATIONS. VALUE IN MILLISECONDS.
C TFINAL - STOPPING TIME FOR SIMULATION RUN, SECONDS.

COMMON/CNTRL/DELTAT, DELTSP, ECOFLG, IDELT, IDENT(20). IDTPRV. IPEMS.

I IPSPR, IPAUX. IRATIO, ISAVE, ISCALE, ITFIN. ITIMEo ITIM2.
2 ITSPRD,NPASSTFINAL, IDBUGlEPSLN.MAXITRMAXCUT,
3 JCBSKP

C IDBUGI - SWITCH FOR DEBUGGING CONTROL (INACTIVE)
C EPSLN - CONVERGENCE TOLERANCE GAS DYNAMICS CALCS.
C MAXITR - MAXIMUM NUMBER OF ITERATIONS ALLOWED IN GAS DYNAMIC CALCS.
C MAXCUT - MAXIMUM NUMBER OF TIME STEP SLICES ALLOWED IN GAS DYNAMICS

C CALCS.
C JCBSKP - SWITCH FOR SELECTIVE SKIPPING OF JACOBIAN EVALUATION IN GAS
C DYNAMICS CALCS.
C
C ------------------ ----------------------
C VARIABLES AND PARAMETERS IN COMMON 'FIRES':
C
C AFM - AREA OF EACH MATERIAL TYPE CURRENTLY FLAMING (FT*FT). MAX 7
C VALUES (ONE FOR EACH MATERIAL). SUBSCRIPT IS MATERIAL NUMBER.
C ASM - AREA OF EACH MATERIAL CURRENTLY SMOLDERING (FT*FT)
C ISTATEin PACKED ARRAY CONTAINING DATA ON STATES OF INDIVIDUAL LINING

C SURFACE ELEMENTS. FIRST SUBSCRIPT IS ELEMENT I INDEX, SECOND
C IS J INDEX. ISTATE IS PACKED AS SHOWN
C

C ISTATE = ITFPC*1000 + ISTP*.1 + IST
C
C ITFPC - FRACTION*1000 OF THIS ELMNT THAT HAS BEEN CONSUMED
C BY FLAMING OR SMLDRNG COMBUSTION.
C EX: ITFPC = 400 -> ELMNT IS 40% CONSUMED.
C ISTP - STATE OF THIS ELMNT DURING LAST PASS THRU FLAME SPRD

C CALCULATIONS. VALUE - 1 THRU 7.
C IST - PRESENT STATE OF THIS ELMNT. VALUE - 1 THRU 7.
C ISTATS - PACKED ARRAY CONTAINING DATA ON STATES OF SINGLE SEAT SURFACE
C ELMNTS. FIRST SUBSCRIPT - SEAT SURF I INDEX, SECOND SBSCRPT -

C SEAT SURF J INDEX, THIRD SUOSCRIPT - SAT GROUP NUMBER.

C PACKING AND CONTENTS SAME AS FOR ISTATE SHOWN ABOVE.
C IWORD - PACKED ARRAY CONTAINING DATA ON INDIVIDUAL LINING SURFACE
C ELMNTS. SUBSCRIPTING IS SAME AS ISTATE. IWORD IS PACKED AS
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C SHOWN:
C

C IWORD - !TY*10000+ITX
C
C ITX - TIME IN INTEGER SECONDS THAT ELMNT HAS BEEN IN ITS
C CURRENT STATE. MAXIMUM VALUE 9999 SEC.
C ITY w A FLAG USED TO IDENTIFY ELMNTS AS CANDIDATES FOR
C STATE TRANSITION ON THE NEXT FLAME SPREAD PASS.
C IWORDS - PACKED ARRAY CONTAINING DATA ON INDIVIDUAL SEAT SURFACE
C ELMNTS. SUBSCRIPTING IS SAME AS ISTATS AND PACKING AND
C CONTENTS SAME AS IWORD.
C NFLM - TOTAL NUMBER OF FLAMING ELMNTS OF EACH MATL TYPE. SUBSCRIPT
C IS MATERIAL NUMBER.
C NPYR a TOTAL NUMBER OF SMOLDERING ELMNTS OF EACH MATL TYPE, SUBSCRIPT

C IS MATERIAL NUMBER
C RGS - CONTAINS RATE OF GAS GENERATION BY SMOLDERING MATERIALS.
C FIRST SUBSCRIPT IS THE GAS TYPE ID NUMBER, SECOND IS THE
C MATERIAL NUMBER. UNITS ARE LBM/(FT*FT*SEC).
C RSS a CONTAINS RATE OF SMOKE GENERATION BY SMOLDERING MATERIALS.
C SUBSCRIPT IS MATL NUMBER. UNITS ARE PART/(FT*FT*SEC).
C TOTGAS - TOTAL, OVER ALL MATERIAL TYPES, RATE OF GAS EMISSION
C SUBSCRIPT IS GAS SPECIE NUMBER. UNITS ARE LBM/SEC.
C TOTSEM - TOTAL RATE OF SMOKE EMISSION IN PARTICLES/SEC.
C TROF f TOTAL (OVER ALL MATERIAL TYPES) RATE OF GAS EMISSION FROM
C ELEMENTS IN THE FLAMING STATE. SUBSCRIPT IS SPECIE NUMBER.
C UNITS ARE LBM/(SEC*SEC).
C TRGS a TOTAL, OVER ALL MATERIAL TYPES, RATE OF GAS EMISSION FROM
C ELEMENTS IN THE SMOLDERING STATE. SUBSCRIPT IS SPECIE NUMBER.
C UNITS ARE LBM/(SEC*SEC).
C TRSF v TOTAL RATE OF SMOKE EMISSION BY ELEMENTS IN THE FLAMING STATE
C UNITS ARE PARTICLES/(SEC*SEC).
C TRSS m TOTAL RATE OF SMOKE EMISSION BY ELMNTS IN THE SMOLDERING
C STATE. UNITS ARE PARTICLES/(SEC*SEC).
C NCE - NUMBER OF CHARRED ELMNTS ON THE SURF GIVEN BY THE SUBSCRIPT
C VITNR - RATE OF OXYGEN CONSUMPTION (TEMP VARIABLE FOR SUMMATION USE)
C TOTVIT m TOTAL RATE OF OXYGEN CONSUMPTION BY ALL FIRES, LBM/SEC
C RADFIR u FRACTION OF HEAT OF COMBUSTION RELEASED BY A FIRE THAT IS
C FLAME RADIATION. SUBSCRIPT IS FIRE NUMBER.
C ACM - TOTAL AREA OF EACH MATERIAL IN CHARRED STATE, SUBSCRIPT IS
C MATERIAL NUMBER. UNITS FT*FT.
C AF u FIRE BASE AREAS (FT*FT), SUBSCRIPT IS FIRE NUMBER.
C API - BASE AREA OF THE IGNITION SOURCE FIRE (FT*FT).
C AEXP - DIFFERENCE IN BASE AREA BETWEEN THE IGNITION SOURCE FIRE
C AND ANY LARGER FIRE WHICH MAY SURROUND AND CONTAIN IT.
C COMB a COMBUSTION ZONE HEIGHT FOR EACH FIRE, SEE SUIR ATMOS. SUBSCR
C IS FIRE NUMBER
C DQK - HEAT RELEASE RATE (BTU/FT*FT*SEC) FOR A FIRE
C FLML - FLAME LENGTH OF A FIRE. SUBSCR IS FIRE NUMBER (FT)
C FSN1 - COUNTER OF NUMBER OF FLAMING ELMNTS ON SEAT GRP SURF 1.
C FSN2 - COUNTER OF NUMBER OF FLAMING ELMNTS ON SEAT GRP SURFS 2.3.4,5
C FSN3 - COUNTER OF NUMBER OF FLAMING ELMNTS ON SEAT GRP SURFS 6.7
C GAMMA a STOICHIOMETRIC OXYGEN-TO-FUEL RATIO FOR A FIRE a SUBSCR NO.
C IBURN - A FLAG TO INDICATE STATUS OF THE IGN SRC FIRE
C IF a ARRAY CONTAINING INFO ON LINING SURFACE ELMNTS. SEE SUBR FIRE
C IGMNI - MINIMUM I INDEX VALUE FOR ELMNTS OF IGNITION SOURCE FIRE
C IGMNJ a MINIMUM 4 INDEX VALUE FOR ELMNTS OF IGNITION SOURCE FIRE
C IGMXI a MAXIMUM I INDEX VALUE FOR ELMNTS OF IGNITION SOURCE FIRE
C IGMXJ a MAXIMUM J INDEX VALUE FOR ELMNTS OF IGNITION SOURCE FIRE
C IGNFIR a FLAG SIGNALING STATUS OF THE ION SAC FIRE
C IQNFIR-O -> ION SAC FIRE IS OUT. -1 -> ION FIRE IS BURNING
C BUT NOT YET DISCOVERED BY SUBR FIRE, -2 a> IGN FIRE BURNING
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C AND HAS BEEN DISCOVERED.
C IGNIJ - ARRAY CONTAINING I AND J INDICES OF ION SRC ELMNTS. FIRST
C SUBSCRIPT: I > VALUE IS I INDEX, 2 = VALUE IS i INDEX;
C SECOND SUBSCR - ELMNT NUMBER, MAX 100 ELMNTS.

C IGSN - SURFACE NUMBER ON WHICH ION SRC LIES.
C ISFIRE - SEAT GROUP NUMBER ON WHICH A FIRE IS LOCATED. FIRE NUMBER IS
C GIVEN BY THE VALUE OF THE SUBSCRIPT.
C IVMAX - MAXIMUM VALUE OF THE ELMNT I INDEX OF THE ELMNTS WHICH
C COMPOSE THE BASE OF A FIRE. SUBSCRIPT IS THE FIRE NUMBER.
C IVMIN - MINIMUM VALUE OF THE ELMNT I INDEX OF THE ELMNTS WHICH
C COMPOSE THE BASE OF A FIRE. SUBSCRIPT IS THE FIRE NUMBER.
C IVMN - MIN I INDEX OF THE BASE ELMNTS OF A FIRE. THIS IS A
C TEMPORARY VRBL WITH THE SAME FUNCTION AS IVMIN BUT WITHOUT
C SUBSCRIPTS. USED WITHIN THE FIRE LOOP OF THE MAIN PGM.
C IVMX a MAX I INDEX OF THE BASE ELMNTS OF A FIRE - SEE ABOVE.
C IXFIRE - FLAG USED TO PASS INFORMATION ABOUT FIRES ON SEAT SURFACES
C FROM SUBR FIRE TO SUBRS FCONS AND PVOLS. SEE SUBR FIRE FOR
C FULL DEFINITION.
C IZONE - ARRAY OF FLAGS INDICATING THE ZONE IN WHICH THE MAJORITY OF
C A FIRE BASE AREA LIES. FIRE NUMBER IS GIVEN BY THE SUBSCRIPT

C VALUE. IZONE = 2 -> BASE IN UPPER ZONE, -1 => BASE IN LWR ZN.
C ,JVMAX = MAXIMUM VALUE OF THE ELMNT i INDEX OF THE ELMNTS WHICH
C COMPOSE THE BASE OF A FIRE. SUBSCRIPT IS THE FIRE NUMBER.
C JVMIN - MINIMUM VALUE OF THE ELMNT J INDEX OF THE ELMNTS WHICH
C COMPOSE THE BASE OF A FIRE. SUBSCRIPT IS THE FIRE NUMBER.
C JVMN - MIN J INDEX OF THE BASE ELMNTS OF A FIRE. A TEMPORARY VRBL
C WITH SAME FUNCTION AS JVMIN USED WITHIN THE FIRE LOOP
C IN THE MAIN PGM.
C JVMX - MAX J INDEX OF THE BASE ELMNTS OF A FIRE. A TEMPORARY VRBL
C WITH THE SAME FUNCTION AS JVMAX USED WITHIN THE FIRE LOOP.
C K - INTEGER INDEX IDENTIFYING EACH INDIVIDUAL GROUP OF ADJACENT
C FLAMING ELMNTS WHICH FORM THE BASE OF A FIRE, THE FIRE

C NUMBER.
C NFE a NUMBER OF FLAMING ELMNTS ON THE SURFACE GIVEN BY THE VALUE
C OF THE SUBSCRIPT.

C NFIRES = THE TOTAL NUMBER OF CURRENT ACTIVE FIRES.
C NIJC a NUMBER OF CHARRED (AND THEREFORE INERT) ELMNTS TO BE
C SPECIFIED AT THE START OF A RUN. SEE SUBR INPUTO.
C NIJSQ - NUMBER OF ION SRC ELMNTS TO BE SPECIFIED IN THE INPUT.
C SEE SUSR INPUTO.
C NPE a NUMBER OF SMOLDERING ELMNTS ON THE SURFACE GIVEN BY THE VALUE
C OF THE SUBSCRIPT.
C NSFL - ARRAY CONTAINING THE NUMBER OF FLAMING ELMNTS ON EACH OF THE
C SEVEN SURFACES OF A SEAT GROUP. SUBSCRIPT VALUE IS THE SEAT
C NUMBER. ARRAY IS USED AND RESET IN THE FIRE LOOP FOR EACH
C SEAT GROUP.
C OMEGA - ARRAY OF INVERSE VOLUMETRIC EXPANSION RATIOS FOR THE FLAME
C REGIONS OF EACH FIRE. SUBSCRIPT IS FIRE NUMBER. OMEGAS ARE
C COMPUTED IN SUBR SCAN AND PASSED TO SUBR ATMOS FOR LATER USE.
C PDH - SMOLDERING RANGE OF A FIRE (FT) SEE E0 4-4 (P32) OF E13.
C USED WITHIN THE FIRE LOOP SO THAT NO SUBSCRIPT IS NEEDED.
C PIGN a PERIMETER LENGTH OF THE ION SRC FIRE (FT)
C RF - RATE OF FLAME SPREAD ON A CABIN LINING SURFACE (FT/SEC)
C FIRST SUBSCRIPT IS THE LINING SURF NUMBER, SECOND INDICATES
C THE SPREAD DIRECTION WRT THE I AND J DIRECTIONS.
C VALUE - I -> NEG J DIRECTION
C VALUE - 2 -> POS J DIRECTION
C VALUE 3 m) NEG I DIRECTION
C VALUE - 4 -> POS I DIRECTION
C RFS - RATE OF FLAME SPREAD ON SEAT SURFACES (FT/SEC). FIRST SUBSCR
C IS SEAT SURF NUMBER, SECOND IS SPREAD DIRECTION GIVEN AS FOR
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C RF ABOVE.
C RFWS - RATE (FT/SEC) OF FLAME SPREAD BETWEEN SEATS AND SIDEWALLS
C RGF n ARRAY OF RATES OF GAS RELEASE (LBM/(FT*FT*SEC)) FOR EACH MATL
C FIRST SUBSCRIPT IS GAS NUMBER, SECOND IS MATL NUMBER.
C RGFK - TOTAL RATE OF GAS RELEASE (LBM/SEC) FOR A GIVEN FIRE. SUBSCR
C IS GAS NUMBER.
C RHOZ - ARRAY OF FUEL VAPOR DENSITIES FOR EACH FIRE (LSM/(FT*FT*FT))
C SUBSCRIPT IS FIRE NUMBER.
C RSF ARRAY OF CURRENT SIOKE GENERATION RATES
C (PARTICLES/(FT*FTOSEC)) FOR EACH MATL WHEN IN THE FLAMING
C STATE. SUBSCR IS MATL NUMBER. SEE SUBR RATES.
C RSFK - TOTAL SMOKE GENERATION RATE (PARTICLES/SEC) FOR A GIVEN FIRE.
C TOG - TOTAL RATE.OF HEAT RELEASE BY ALL INTERIOR FIRES (BTU/SEC).
C TPURNI - TOTAL TIME TO BURN FOR IGNITION SRC FIRE (SEC)
C UZ - ARRAY OF FUEL VAPOR VELOCITIES AT THE BASE OF A GIVEN FIRE
C (FT/SEC). SUBSCRIPT IS FIRE NUMBER.
C YZ - ARRAY OF FIRE BASE AREA (EQUIVALENT) RADII (FT). SUBSCRIPT

C IS FIRE NUMBER.
C ZS - ARRAY OF DISPLACEMENTS FROM FLOOR OF FIRE BASE AREAS (FT).

COMMON/FIRES/AFM(7),ASN(7), ISTATE(120. 15), ISTATS(9, 16,22),
I IWORD(120. ISI),WORDS(9,16,22),NFLM(7),NPYR(7).

2 RO(IO.7),9SS(7), TOTGAS(10),TOTSEMTRGF(1O),
3 TRQS(1O).TRSF.TRSU.NCE(30),VITNRTOTVITRADFIR(30),

4 ACM(7),AF(30).AFIAEXPCOMB (30).DKFLML(30),FSNI,
S FSNR, FSN3. QAM'A(30), IBURN. IF(bOO), IGIqNI, IGMNNJ, IGMNII
6 IGMXJ, IGNFIRIGNIJ(2,100),IQSN.ISFIRE(30),IVMAX(30),
7 IVMIN(30). IVMN. IVMX. IXFIRE, IZONE(30), JVMAX(30).
a JVMIN(30), JVNN.,JVMx, K, NFE(30), NFIRES, NJC, NJS0,
9 NPE(30).NSFL(7),OMEGA(30).PDH,PIGNRF(20.4).RFS(7,4).
I RFWS, RGF( 10.7), RGFK(10), RHOZ(30), RSF(7), RSFK. TOG,
2 TBURNIUZ(30),YZ(30).ZB(30),RHOEFG.CHIEFG(11),
3 FLOWIN. FLWOUT. TEFG. IFRVNT. GENRAT( 11), TDQMTL(7),
4 TP(7),TPC(?)

C

C VARIABLES AND PARAMETERS IN COMMON 'GASES':
C
C CHIL a ARRAY OF MASS FRACTIONS OF GAS SPECIES IN LWR ZONE, FIRST
C SUBSCR IS GAS NO, SECOND IS COP NO,
C CHIU - ARRAY OF MASS FRACTIONS OF GAS SPECIES IN UPR ZONE, FIRST
C SUBSCR IS GAS NO. SECOND IS COMP NO.
C CP a CONSTANT PRESSURE HEAT CAPACITY OF CABIN GASES (BTU/LBM*R)
C JCOR - CORRESPONDENCE ARRAY FOR SCALING
C NAS ARRAY OF ALPHANUMERIC (CHARACTER) NAMES OF GAS SPECIES,
C SUBSCR IS GAS NO.
C NSPCS TOTAL NUMBER OF SPECIES (INCLUDING SMOKE)

C PAS A-AMBIENT DENSITY AT CABIN FLOOR LEVEL (LBM/(T TSEC*SEC))
C PF - ARRAY OF PRESSURES AT THE FLOOR OF EACH COMPARTMENT. SUBSCR
C IS COMP NO. (LBM/(FTeSEC*SEC))
C RHOAM - AMBIENT DENSITY (LBM/(FT*FT4FT)
C RHOL - ARRAY OF DENSITIES OF THE LWR ZONE, SUBSCR IS COMP NO.
C (LBM/(FT*FT.FT))
C RHOU - ARRAY OF DENSITIES OF THE UPR ZONE, SUBSCR IS COMP NO.
C (LB/(FT.FT.FT))
C TAM - AMBIENT TEMPERATURE (R)
C TL ARRAY OF LOWER ZONE TEMPERATURES, SUBSCR IS COMP NO. (R)
C TU a ARRAY OF UPPER ZONE TEMPERATURES, SUBSCR IS COMP NO. (R)
C TWO - ARRAY OF SCALE FACTORS

C VOLL - ARRAY OF LOWER ZONE VOLUMES, SUBSCR IS COMP NO. (FT*FT*FT)
C VOLU - ARRAY OF UPPER ZONE VOLUMES. SU SCR IS COMP NO. (FT*FT*FT)
C WMOLEC - ARRAY OF GAS SPECIES MOLECULAR WEIGHTS (LBM/LBMOLE)
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C XTHEN = ARRAY FOR STORAGE OF GAS VARIABLES AT THE PREVIOUS TIME STEP.
C ZD ARRAY OF THERMAL DISCONTINUITY POSITIONS (LOWER ZONE
C THICKNESSES). SUBSCR IS COMP NO. (FT)

COMMON/GASES/CHIL( 11,5), CHIU( 11,5), CP. NGAS( 11 ),NSPCS, PAMB, PF(5),
I RHOAMoRHOL(5).RHOU(5),TAMTL(5).TU(5),VOLL(5),
2 VOLU(5),ZD(5),XTHEN(120),WOLEC(Il),TWO(IO1),
3 JCOR(120)

C
C---------------------- ------

C VARIABLES AND PARAMETERS IN COMMON 'GMTRY':
c
C IMATL - MATERIAL ID NUMBER FOR CABIN LINING SURFACE GIVEN BY VALUE OF
C SUBSCRIPT. MAX 20 VALUES. ONE PER LINING SURFACE.
C IMATS - MATERIAL ID NUMBER FOR SEAT SURFACE GIVEN BY SUBSCRIPT. MAX
r 7 VALUES, ONE PER SEAT SURFACE.
C IMTLP - MATERIAL ID NUMBER FOR CABIN PARTITION GIVEN BY VALUE OF
C SUBSCRIPT. MAX 4 VALUES.
C IMAX - MAXIMUM VALUE OF ELEMENT I INDEX ON SURFACE NUMBER GIVEN BY
C VALUE OF SUBSCRIPT.
C IMIN - MINIMUM VALUE OF ELEMENT I INDEX ON SURFACE NUMBER GIVEN BY
C VALUE OF SUBSCRIPT.
C IRAY - LINING SURFACE NUMBER ON WHICH AN ELEMENT LIES WHOSE I INDEX

C EQUALS THE VALUE OF THE SUBSCRIPT.
C IRAYS - SEAT SURFACE NUMBER ON WHICH AN ELEMENT LIES WHOSE I INDEX
C EQUALS THE VALUE OF THE SUBSCRIPT.
C JMAX - MAXIMUM VALUE OF ELMNT J INDEX ON SURFACE GIVEN BY VALUE OF

C JMAX'S SUBSCRIPT. MAX VALUE OF JMAX IS 15, MINIMUM 1.
C JMIN a MINIMUM VALUE OF ELMNT J INDEX ON SURFACE GIVEN BY VALUE OF
C JMIN'S SUBSCRIPT. MAX VALUE OF JMIN IS 15. MINIMUM 1.

C LSN - TOTAL NUMBER OF CABIN LINING SURFACES (FLOORSIDEWALLS, ETC
C MAX VALUE = (30-(NUMBER OF SEAT GROUPS))
C MAXELI - MAXIMUM VALUE OF ELMNT I INDEX OVERALL,- HIGHEST I INDEX ON
C HIGHEST NUMBER LINING SURFACE.
C NCOMPS 0 NUMBER OF COMPARTMENTS, MAX - 4, MIN n 1
C Ns - TOTAL NUMBER OF LINING SURFACES + SEAT GROUPS. MAX VALUE - 30
C CH - CABIN FLOOR TO CEILING HEIGHT (FT).
C CL - CABIN COMPARTMENT LENGTHS (FT), MAX a 4
C CNCTNS - ARRAY INDICATING CONNECTIONS BETWEEN COMPARTMENTS BY VENTS

C CW = CABIN WIDTH AT FLOOR (FT).
C DWS - DISTANCE (FT) FROM SEATS TO SIDEWALL (SEAT GROUPS NEAREST
C SIDEWALL)
C FHMIN - MINIMUM FLOOR TO CEILING OR HATRACK DISTANCE (FT)
C FLOW - FORCED FLOW RATE (CFM) THRU VENT GIVEN BY SUBSCRIPT VALUE
C HSTS w HEIGHT OF TOP OF SEATS ABOVE FLOOR (FT)
C IARX - INDICATES POSITION OF SEAT GRPS WRT FLOOR. SEE SUBR INIT2 FOR
C FULL DEFINITION.
C IARY - INDICATES POSITION OF OVERHEAD SURFACES WRT FLOOR SEE SUBR

C INIT2 FOR FULL DEFINITION.
C ICLL - SURFACE NUMBER OF LEFTMOST CEILING SURFACE
C ICLR - SURFACE NUMBER OF RIGHTMOST CEILING SURFACE
C IEND - HIGHEST I INDEX VALUE ON CURRENT SURF. SEE SUBR FIRE
C IFRCMP - NUMBER OF COMPARTMENT WITH INTERIOR FIRE
C IFIRL - I INDEX OF SIDEWALL ELMNTS NEAREST TOP OF SEATS ON LEFT SIDE
C OF CABIN

C IFIRR - I INDEX OF SIDEWALL ELMNTS NEAREST BOTTOM OF SEATS ON RIGHT
C SIDE OF CABIN
C ILSTL - I INDEX OF SIDEWALL ELMNTS NEAREST BOTTOM OF SEATS ON LEFT
C BIDE OF CABIN
C ILSTR a I INDEX OF SIDEWALL ELMNTS NEAREST TOP OF SEATS ON RIGHT SIDE
C OF CABIN
C INTO - VALUE IS COMPARTMENT NUMBER INTO WHICH FORCED FLOW OCCURS
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C 1ONE - !NDEX OF FLOOR ELMNT DIRECTLy UNDER THE FORWARD LEFT CORNER

C OF THE SEAT GROUP GIVEN BY THE SUBSCRIPT VALUE
C ISSW&LI a ARRAY OF I VALUES OF SIDEWALL ELMNTS NEAREST A GIVEN SEAT
C GROUP. SEE SUSR INIT2 FOR FULL DEFN.

C ISSWLJ - ARRAY OF J VALUES OF SIDEWALL ELMNTS NEAREST A GIVEN SEAT

C GROUP SEE SUDR INIT2 FOR FULL DEFN.
C ISSWRI - ARRAY OF I VALUES OF SIDEWALL ELMNTS NEAREST A GIVEN SEAT

C GROUP SEE SUDR INIT2 FOR FULL DEFN.
C ISSWRJ - ARRAY OF J VALUES OF SIDEWALLL ELMNTS NEAREST A GIVEN SEAT
C GROUP. SEE SUDR INIT2 FOR FULL DEFN.

C ISWSL a ARRAY GIVING POSITION OF LEFT-MOST SEAT GROUPS WRT LEFT
C SIDEWALL. SEE SUBR INIT2 FOR FULL DEFN.

C ISWSR - ARRAY GIVING POSITION OF RIGHT-MOST SEAT GROUPS WRT RIGHT
C SIDEWALL. SEE SUIBR INIT2 FOR FULL DEFN.
C ISTART - LOWEST I INDEX ON CURRENT SURFACE. SEE SUDR FIRE.

C NPROJ - FLAG TO INDICATE PRESENCE (VALUE al) OR ABSENCE (VALUE -O) OF
C A HATRACK
C IPJUL - SURF NUMBER OF LINING SURFACE WHICH FORMS THE TOP OF THE LEFT

C HATRACK.
C IPJLL - SURF NUMBER OF LINING SURFACE WHICH FORMS THE BOTTOM OF THE
C LEFT HATRACK.

C IPJUR - SURF NUMBER OF LINING SURFACE WHICH FORMS THE TOP OF THE
C RIGHT HATRACK
C IPJLR - SURF NUMBER OF LINING SURFACE WHICH FORMS THE BOTTOM OF THE
C LEFT HATRACK
C 4END - HIGHEST J INDEX VALUE ON CURRENT SURFACE. SEE SUBR FIRE.
C JONE - i INDEX OF FLOOR ELMNT DIRECTLY UNDER THE FORWARD LEFT CORNER

C OF THE SEAT GROUP GIVEN BY THE SUBSCRIPT VALUE.
C JSTART - LOWEST J INDEX ON THE CURRENT SURFACE. SEE SUBR FIRE.
C NJS - MAXIMUM VALUE OF THE ELMNT J INDEX ON SEATS. SET TO THE FIXED

C VALUE OF 22 IN SUOR INPUTG AS SEATS HAVE A STANDARD SHAPE.
C NSG - TOTAL NUMBER OF SEAT GROUPS IN CABIN SECTION. MAXIMUM VALUE

C is 9
C NV - NUMBER OF VENTS
C lOWD - ARRAY OF SEAT GROUP WIDTHS (FT). SUBSCRIPT IS SEAT GROUP NO.
C IL - DETAILED SECTION (PART OF CABIN WHERE FIRE IS TRACKED)

C LENGTH EFT) (NOT USED IN VER 3)
C SWD - CABIN LINING SURFACE WIDTH (FT) SEE USER'S GUIDE C23 FOR FULL
C DEFINITION. SUBSCRIPT IS SURFACE NUMBER.

C SX - ARRAY OF X COORDS OF LINING SURFACE EDGES

C SZ - ARRAY OF Z COORDS OF LINING SURFACE EDGES
C VN - ARRAY OF SURFACE NORMAL VECTORS TO CABIN LINING SURFACES
C FIRST SUBSCRIPT IS THE SURF NUMBER, SECOND SPECIFIES THE
C COMPONENT AS SHOWN: I m> X. 2 => Y, 3 a> Z.
C VENTH - ARRAY OF VENT HEIGHT DIMENSIONS (FT). SUBSCR IS VENT NUMBER.

C VENTW - ARRAY OF VENT WIDTHS (FT). SUBSCRIPT IS VENT NUMBER.
C VENTT - ARRAY OF DISTANCES (FT) FROM FLOOR TO TOP EDGE OF EACH VENT

C SUBSCRIPT IS VENT NUMBER.
C VTOTAL - TOTAL VOLUME (CU FT) OF COMPARTMENT GIVEN BY SUBSCRIPT
C XMN - ARRAY OF MINIMUM DISTANCES OF A LINING SURFACE FROM THE FLOOR

C (FT). SUBSCR:PT IS SURFACE NUMBER.
C XMX - ARRAY OF MAXIMUM DISTANCES OF A LINING SURFACE FROM THE FLOOR
C (FT). SUBSCRIPT IS SURFACE NUMBER.
C XCOR a ARRAY OF X COORDINATES OF LEFTHAND FORWARD CORNER OF SEAT
C GROUP (FT)
C YCOR - ARRAY OF Y COORDINATES OF LEFTHAND FORWARD CORNER OF SEAT
C GROUP (FT)
C Z a ARRAY OF DISPLACEMENTS (FT) OF CABIN SURFACES FROM FLOOR.
C SUBSCRIPT IS SURFACE NUMBER. SEE USER'S GUIDE OF C23 FOR
C FULL DEFINITION.

C SSGWD a WORKING VARIABLE STORING SUM OF WIDTH OF ALL SEAT GROUPS
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C USED IN SEAT VOLUME CORRECTIONS IN SUSR ATMOS.
C TVSG - TOTAL VOLUME (FT*FT*FT) OF ALL SEAT GROUPS. (NOT USED)
C HTt = DISTANCE FROM THE CABIN CEILING TO THE TOP OF THE SEAT

C BACKRESTS (FT). (NOT USED IN VERSION 3)
C HT2 - DISTANCE FROM THE CABIN CEILING TO THE TOP OF THE SEAT

C CUSHIONS (FT). (NOT USED IN VERSION 3)
C HT3 - DISTANCE FROM THE CABIN CEILING TO THE BOTTOM OF THE SEAT

C CUSHIONS (FT). (NOT USED IN VERSION 3)
C HT4 - ARRAY OF THE DISTANCES FROM THE CABIN CEILING TO THE TOP EDGE

C OF EACH VENT (FT). (NOT USED IN VERSION 3)
C NSSTS - NUMBER OF SEAT SURFACES, FIXED TO VALUE OF 7
C SLSW - (NOT USED IN VERSION 3)

COMMON/GMTRY/IMATL(20).IMATS(7).IMTLP(4),IMAX(30),IMIN(30),
1 IRAY(116)°IRAYS(22), JMAX(30), JMIN(30),LSNMAXELINS,
2 CH,CL(4),CWDWS,HSTS, IARX(40, 15), IARY(40, 12), ICLL,
3 ICLR. IEND, IFIRL, IFIRR, ILSTL, ILSTR, IONE(9),
4 ISSWLI(9,10),ISSWLJ(9,10).ISSWRI(9,1O),ISSWRJ(9,10),
5 ISWSL(15,S). ISWSR(1, ), ISTART°NPROJ, IPJUL, IPJLL.
6 IPJUR. IPJLRJEND, JONE(9),JSTART,NJS.NSG,NVSGWD(9),
7 SL,SWD(20),VN(20,3),VENTH(24),VENTW(24),VENTT(24).
a XMN(30),XMX(30).XCOR(9).YCOR(9),Z(30).SSWDTVSG,
9 HTI.HT2HT3.HT4(10),NSSTS,SLSWSX(30),SZ(30),
1 CNCTNS(24). NCOMPS.IFRCMP,FLOW(24),INTO(24),VTOTAL(4),
2 FHMIN

C
C -------------------------------------------------------------------
C VARIABLES AND PARAMETERS IN COMMON 'MATLS':
C
C TAIX - TABLE OF RADIATION VALUES FOR MATERIAL PROPERTIES.
C FIRST SUBSCRIPT IS THE PROPERTY ID, SECOND IS THE MATERIAL
c NUMBER. THIRD IS THE NUMBER OF THE ENTRY (MAX OF SIX ENTRIES)
C PROPERTY NUMBERING IS AS SHOWN:

C twHORZZONTAL FLAME SPREAD RATE, 2-UPWARD FLAME SPRD RATE
C 3-DOWNWARD FLAME SPRD RATE, 4- TIME TO IGNITE.

C 5-RATE OF HEAT RELEASE, 6-RATE OF SMOKE RELEASE (FLAMING).

C 7-TIME TO STOP PYROLYZING WHEN INPUT RADIATION REMOVED,
C S-TIME TO BURN OUT FROM FLAMING STATE
C 9-RELEASE RATE (FLAMING) OF FIRST GAS SPECIE,
C 10-RELEASE RATE (FLAMING) OF SECOND GAS SPECIE... AND SO ON

C THRU 18-RELEASE RATE (FLAMING) OF THE 10TH GAS SPECIE.
C TABY - TABLE OF PROPERTY VALUES CORRESPONDING TO THE RADIATION VALUE

C IN TABX. SUBSCRIPTING IS SAME AS TABX. SEE C13 FOR UNITS OF
C INDIVIDUAL PROPERTIES.
C NTXG - NUMBER OF GAS SPECIES (NOT INCLUDING 02 OR N2)
C FOXI - OXYGEN CONSUMPTION FACTOR FOR ION SRC FUEL
C RADTAB - FRACTION OF HEAT OF COMBUSTION OF A MATL THAT IS RELEASED AS

C FLAME RADIATION. SUBSCRIPT IS MATERIAL NUMBER.
C RADI - FRACTION OF HEAT OF COMBUSTION OF ION SRC FUEL THAT IS
C RELEASED AS FLAME RADIATION.
C FOX - OXYGEN CONSUMPTION FACTOR FOR EACH MATL

C SUBSCRIPT IS MATL NUMBER.
C NMATLS - NUMBER OF MATERIALS, MAXIMUM = 7.

C Doi - HEAT RELEASE RATE (BTU/FT*FT*SEC) FOR IGNITION SOURCE FIRE
C DOM - HEAT RELEASE RATE (BTU/FT*FT*SEC) FOR A MATL (CURRENT VALUE)
C SUBSCR IS MATL NUMBER
C GAMI - STOICHIOMETRIC OXYGEN-TO-FUEL RATIO FOR THE ION SRC FUEL

C OTAB - STOICHIOMETRIC OXYGEN-TO-FUEL RATIO FOR MATL - SUBSCR NO.
C ITF - ARRAY OF TIMES-TO-IGNITE IN INTEGER GRCONDS FOR LINING GURFS
C SUBSCRIPT IS SURFACE NUMBER
C ITFC m ARRAY OF TIMES-TO-BURN-OUT FROM FLAMING STATE FOR LINING
C SURFACES. VALUE IN INTEGER SECONDS. SUBSCR IS SURF NUMBER
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C ITFCS s ARRAY OF TIMES-TO-GURN-OUT FROM FLAMING STATE FOR SEAT
C SURFACES. VALUE IN INTEGER SECONDS. SUBSCR IS SURF NUMBER.

C ITFS - ARRAY OF TIMES-TO-IGNITE IN INTEGER SECONDS FOR SEAT SURFACES
C SUBSCRIPT IS SEAT SURFACE NUMBER.
C ITP = ARRAY OF TIMES-TO-START-SMOLDERING IN SECONDS FOR LINING
C SURFACES. SUBSCRIPT IS SURFACE NUMBER.
C ITPC = ARRAY OF TIMES-TO-SMOLDER-OUT IN SECONDS FOR LINING SURFACES
C SUBSCRIPT IS SURFACE NUMBER.
C ITPCS - ARRAY OF TIMES-TO-SMOLDER-OUT IN SECONDS FOR SEAT SURFACES
C SUBSCRIPT IS SEAT SURFACE NUMBER.
C ITPE - ARRAY OF "SMOLDERING LAG" TIMES (TIME TO STOP SMOLDERING
C AFTER EXTERNAL HEAT SOURCE IS REMOVED) IN SECONDS FOR LINING
C SURFACES. SUBSCRIPT IS SURFACE NUMBER.
C ITPES - ARRAY OF SMOLDERING LAG TIMES IN SECONDS FOR SEAT SURFACES
C SUBSCRIPT IS SURFACE NUMBER.
C ITPS = ARRAY OF TIMES-TO-START-SMOLDERING IN SECONDS FOR SEAT
C SURFACES. SUBSCRIPT IS SEAT SURFACE NUMBER.
C GCI - HEAT RELEASE RATE (BTU/(FT*FT*SEC)) FOR FIRE OF THE ION SRC
C FUEL.
C GP - ARRAY OF THRESHOLD LEVELS OF RADIATION FOR TRANSITION OF A
C MATERIAL TO THE SMOLDERING STATE (BTU/(FT*FT*SEC)).
C SUBSCRIPT IS THE MATERIAL NUMBER.
C TAD - ARRAY OF HEATS OF COMBUSTION FOR CABIN MATERIALS (BTU/LBM)
C SUBSCRIPT IS MATERIAL NUMBER
C RHOI - ION SRC FUEL VAPOR DENSITY (LBM/(FT*FT*FT)).
C RHOM - ARRAY OF AVRG DENSITY OF CABIN INTERIOR MATLS(LBM/(FT*FT*FT))
C RSI - SMOKE GENERATION RATE (PARTICLES/(FT*FT*SEC)) OF THE ION SRC
C FUEL.
C RTAB - ARRAY OF FUEL VAPOR DENSITIES (LBM/(FT*FT*FT)) OF THE CABIN

C MATERIALS. SUBSCRIPT IS MATL NUMBER.
C RTGI = ARRAY OF GAS GENERATION RATES FOR THE ION SRC FUEL
C (LBM/(FT*FT*SEC)). SUBSCR IS GAS SPECIE NUMBER.
C UTAB - ARRAY OF MATLS FUEL VAPOR VELOCITIES AT FIRE BASE (FT/SEC)
C SUBSCRIPT IS MATL NUMBER.
C XMFI - TOTAL MASS OF IGNITION SOURCE FUEL (LBM)
C XMUI - MASS BURNING RATE (LBM/(FT*FT*SEC)) OF IGN SRC FUEL.
C TSL - ARRAY OF SURFACE TEMPERATURES OF CABIN LINING SURFACES CR)
C TSP - ARRAY OF SURFACE TEMPERATURES OF CABIN PARTITIONS

C (BULKHEADS) (R)
C CPM - ARRAY OF AVERAGE HEAT CAPACITY OF MATERIALS (BTU/LBM*R)
C TKNS a ARRAY OF LINING SURFACE MATERIALS THICKNESSES (FT)
C TKNSIN a ARRAY OF INSULATION THICKNESSES (FT)
C CNDCTY - ARRAY OF INSULATION THERMAL CONDUCTIVITY
C (BTU/(FT-SEC-R))

COPWMON/MATLS/TABX( 18, 7.6), TABY (18, 7, 6), NTXG, FOXZ, RADTAB(7), RADI,
1 FOX(7),NMATLS,DOI,DOM(7),GAMI,GTAB(7),ITF(20),IRAMPT,
2 ITFC(20),ITFCS(7),ITFS(7),ITP(20),ITPC(20),ITPCS(7),
3 ITPE(20).ITPES(7),ITPS(7),GCIGP(7),TAB(7),RHOI,
4 RHOM(7).RSI,RTAB(7),RTGI(IO),UTAB(7),CNDCTY(7),XMUI,
5 XMFI, TKNS(7).TSL(30.2.4),TSP(2.2,4).CPM(7),WIMTL(7),
6 WMIGF,TKNSIN(7)

C

C- ----------------------------------------------------------------------
C VARIABLES AND PARAMETERS IN COMMON 'PARAMS':
C

C GRAV a ACCELERATION OF GRAVITY, SET TO 32.174 FT/(S*S) IN INITLZ

C PI - 3. 1415927, SET IN SUBR INITLZ
C GTR a 0 25. USEFUL CONSTANT SET IN INITLZ
C RGAS a UNIVERSAL GAS CONSTANT, SET TO 1545 FT-LBF/(LBMOLE-R) IN

C INITLZ
C SIGMA - STEFAN-JOLTZMANN CONSTANT 

I 
4 761E-13 BTU/(S-SO FT-DEG R-*4)
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C SOD - ELEMENT DIMENSION -5 FT
C THOU a 1000, USED IN CONVERSIONS BETWEEN SECONDS AND MILLISECONDS
C TOL - 0.00001, USED IN CONVERSION OF REALS TO INTEGERS
C EC = ENTRAIMENT CONSTANT FOR COMBUSTION ZONE OF FIRE (NO UNITS).
C EP - ENTRAINMENT CONSTANT FOR PLUME ZONE OF FIRE (NO UNITS).

COMMON/PARAMS/GRAV, PI, OTR, RGAS. SIGMA. SOD, THOU. TOL, EC, EPC

C ---------------------------------- -------------------
C VARIABLES AND PARAMETERS IN COMMON 'RADTN':
C
C ALPC - FLAME BASE CENTER EMITTANCE (NO UNITS)
C ABSCF - FLAME ABSORPTION COEFFICIENT FOR EACH FIRE. UNITS (I/FT)
C MAXIMUM 30 VALUES, ONE PER FIRE.
C EB a BLACKBODY RADIATION EMISSION POWER (BTU/FT*FT*SEC)
C GC - AVERAGE LEVEL OF RADIATION REACHING CABIN SURFACES IN CONTACT
C WITH THE UPPER ZONE GAS (SUBSCRIPT a 2) OR THE LOWER ZONE GAS
C (SUBSCRIPT -1). (BTU/(FTeFT*SEC)).

CONMON/RADTN/ALPC, ABSCF(30),EB, GC(2)
C- ----------------------------------------------------------------------
C
C

C
C STATS IS THE ARRAY CONTAINING THE STATISTICS ON THE INTEGRATION OF THEC GAS DYNAMICS EQUATIONS
C

DIMENSION STATS(50.2)
INTEGER ECOFLG
TOL-0. 00001
NDXS a 0

C
C SET THE MAIN CLOCK, ITIME, TO 0 MILLISECONDS AND THE
C FLAME SPREAD SECONDARY CLOCK, ITIM2, TO 0 MILLISECONDS.

ITIME - 0
ITIM2 - 0

C
C SUIR RDCNTL READS PROGRAM CONTROL DATA
C

CALL RDCNTL
C
C SU3R RDGMTY READS DATA DESCRIBING THE CABIN GEOMETRY
C

CALL RDGMTY~C
C SUBR RDMTLS READS DATA DESCRIBING THE CABIN MATERIALS~C

CALL RDMTLS
C
C SUIR INITLZ INITIALIZES VARIABLES AND CONSTANTS
C

CALL INITLZ
C
C SUDR RDIGTN READS DATA DESCRIBING THE IGNITION SCENARIO
C

CALL RDIGTN
C
C SUIR ECHO PRINTS SELECTED INPUT DATA FOR VERIFICATION
C

CALL 6CHO
C
C IPRI a FLAG FOR OUTPUT CONTROL, PRINT-NG OF ATMOSPHERE DATA
C IPR2 - FLAG FOR OUTPUT CONTROL, PRINTING OF FLAME SPREAD DATA
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C
IPRI-0
IPR2-0

C
C THIS IS THE START OF THE PRIMARY LOOP OF THE PROGRAM
C ITIM2 - THE TIME IN MILLISECONDS AT WHICH THE NEXT PASS THRU THE
C FLAME SPREAD CALCULATIONS IS TO BE MADE
C ITSPRD - THE TIME INCREMENT IN MILLISECONDS BETWEEN FLAME SPREAD

C CALCULATIONS
C
10 ITIM2-ITIM2+ITSPRD

C
C I m SURFACE INDEX ( 1-1 THRU 20 ARE LINING SURFS, 21 THRU 29
C ARE SEAT GROUPS)

C K a COUNTER FOR THE NUMBER OF SEPARATE FIRES FOUND ON A SURFACE
C KPR a SAVES PREVIOUS VALUE OF K FOR COMPARISON LATER
C ISW - A FLAG TO CONTROL CALLS TO SUBR RESET
C ISAVE - A FLAG TO CONTROL CALLS TO SUBR SCAN FOR CONTINUED SCANNING
C OF SURFACES FOR FIRES
C IONFIR - A FLAG TO INDICATE STATUS OF THE IGNITION SOURCE FIRE
C
20 I-o

K-0
KPR-O
ISW-O
ISAVE-C
IGNFIRO
IF(IBURN. EG. 1) IGNFIR-1

C
C SET VARIABLES WHICH ACCUMULATE TOTAL RATES OF HEAT. SMOKE. AND GAS
C RELEASE AND OXYGEN CONSUMPTION
C

TDO-C.
TRSF-0.
TOTVIT-O.
DO 23 IG-1,NTXG

23 TRGF(IG)-O.
C

DO 23 IM-1,NMATLS
25 TDGMTL(IM) - 0.

C
C INCREMENT I -> PROCEED TO NEXT SURFACE
C
30 r-r.l

C
C IF THERE ARE CURRENTLY NO FLAMING ELEMENTS ON SURFACE I, SKIP SPREAD
C CALCULATIONS FOR THIS STEP
C

IF(NFE(I).LE.O) GO TO 65
C
C SUIR SCAN SEARCHES SURFACE. I FOR A GROUP OF ADJOINING FLAMING
C ELEMENTS, I.E. A FIRE. THIS SUBR WILL CHANGE VALUES OF ISAVE
C AND K THRU COMMON TO CONTROL THE AMOUNT OF SEARCHING DONE
C
40 CALL SCAN(I)

C
C IF K-KPR NO NEW FIRES HAVE BEEN FOUND DURING THE LAST PASS THRU SCAN
C THEREFORE SKIP SPREAD CALCULATIONS.
C

IF(K. EQ. KPR) GOTO 60
C
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C SUBR RATES FINDS THE SPECIFIC VALUES OF THE MATERIALS PROPERTIES USING
C RADIATION LEVELS FOR THE FIRE JUST ISOLATED BY SUBR SCAN. VALUES ARE
C SUPPLIED TO LATER SUBROUTINES THRU COMMON
C

CALL RATES(1)
C
C IF I > LSN THIS SURFACE IS A SEAT GROUP SURFACE AND CONTROL PASSES TO
C THE SPREAD CALCULATIONS FOR SEATS AT STMT 50
C

IF(I. GT LSN) GO TO 50
C
C SUBR COND COMPUTES THE FLAME SPREAD TO ADJACENT ELEMENTS ON THE
C LINING SURFACE I.
C

CALL COND(I)
C
C SUDR FCON COMPUTES THE FLAME SPREAD TO ELEMENTS ON OTHER SURFACES
C TOUCHED BY FIRE FROM SURFACE I
C

CALL FCON(I)
C
C SUBR PVOL COMPUTES THE SPREAD OF SMOLDERING REGIONS ON CABIN LINING
C SURFACE I.
C

CALL PVOL(I)
C

C THIS ENDS CONSIDERATION OF SPREAD CAUSED BY FIRE K, SO SET KPRIK.
C

KPR-K
GO TO 55

C
C SUBR CONDS COMPUTES THE FLAME SPREAD TO ADJACENT ELEMENTS ON THE SEAT
C GROUP GIVEN BY I
C
50 CALL CONDS(I)

C
C SUDR FCONS COMPUTES THE FLAME SPREAD TO ELEMENTS ON OTHER SURFACES
C DUE TO FIRE FROM THE SEAT GROUP GIVEN BY I.
C

CALL FCONS(I)
C
C SUBR PVOLS COMPUTES THE SPREAD OF SMOLDERING REGIONS FROM THE SEAT
C GROUP GIVEN BY I
C

CALL PVOLS(I)
C
C THIS ENDS CONSIDERATION OF SPREAD CAUSED BY FIRE K, SO SET KPR-K.
C

KPR-K
C
C SUOR TEST HAS 3 FUNCTIONS: (1) DETECT ANY FLAMING ELEMENTS DUE TO BURN
C OUT NOW AND SET THEM TO THE CHARRED STATE, (2) UPDATE THE "FRACTION
C CONSUMED" VALUE, ITFPC, FOR ALL ELEMENTS CONTINUING TO BURN, AND
C (3) COMPUTE THE TOTAL RATES OF HEAT, SMOKE, AND GAS RELEASE AND OXYGEN
C CONSUMPTION.
C
55 CALL TEST(I)

C
C IF ISAVE IS NOT ZERO THERE ARE ADDITIONAL FLAMING ELMNTS ON SURFACE I,
C SO RETURN TO SUBR SCAN TO ORGANIZE THEM
C
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60 IF(ISAvE. NE. 0) GO TO 40
C
C TEST TO FIND IF ALL SURFACES HAVE BEEN SEARCHED, IF NOT RETURN TO TOP
C OF THE LOOP
C
65 IF(I.LT NS) GO TO 30

C
C SINCE ALL SEARCHING FOR FIRES IS NOW OVER RECORD THE TOTAL NUMBER OF
C SEPARATE FIRES (NOT COUNTING ANY NEW ONES STARTED BY SUBR COND, ETC)
C IN 'NFIRES'
C
67 NFIRES-K

C
C SUBR ELEM HAS 4 FUNCTIONS: (1) UPDATE THE "FRACTION CONSUMED"
C VALUE, ITFPC, FOR SMOLDERING (STATE 2) ELMNTS, (2) DETECT ANY SMOL-

C DERING ELMNTS DUE TO TRANSITION TO STATE 4 OR 7 AND SET THEM SO, (3)
C RESET STATE 5 ELMNTS TO STATE I IF REQUIRED, (4) UPDATE "ELAPSED TIME
C IN STATE" VALUE, ITX, FOR ELMNTS IN STATES 2.5, AND 6.
C
70 CALL ELEM

C
C IF SUIR ELEM IS CALLED SUBR RESET MUST BE USED LATER, SO SET ISW1.
C

ISW 1

C SUDR AFP COUNTS THE NUMBER OF ELMNTS NOW IN THE FLAMING. SMOLDERING,
C AND CHARRED STATES AND THE TOTAL AREA OF EACH MATERIAL TYPE
C NOW IN EACH OF THESE STATES
C

CALL AFP
C
C SUBR ATMOS IS THE COMPLETE GAS DYNAMICS CALCULATION, GIVING UPDATED
C VALUES OF CABIN ATMOSPHERE TEMPERATURE, COMPOSITION, SMOKE CONCEN-
C TRATIONETC. ATMOS IS CALLED AT EACH SMALL STEP, IDELT, OF THE RUN.
C
90 CALL ATMOS(STATSNDXS)

C

C SUBR SRFTMP UPDATES THE SURFACE TEMPERATURES OF THE CABIN MATERIALS
C

CALL SRFTMP
C
C INCREMENT THE MAIN CLOCK. ITIME, BY THE SMALL TIME STEP
C

ITIME = ITIME + IDELT
C

C IF THIS IS THE FIRST PASS ALWAYS CALL SUBR OUTPUT (PRIMARILY TO
C VERIFY INITIAL CONDITIONS)
C

IF( ITIME EQ. IDELT ) CALL OUTPUT(OoO,STATSNDXS)
C
C SET THE OUTPUT CONTROL FLAGS USING IPEMS, IPSPR, IPAUX, AND ITIME.
C

IPRI-MOD(ITIME, IPEMS)
IPR2-MOD(ITIME, IPSPR)
IPR3-MOD(ITIME, IPAUX)

C
C SUBR OUTPUT WRITES ALL FLAME SPREAD AND CABIN ATMOSPHERE QUANTITIES TO
C FORTRAN UNIT 6 AT THE CURRENT TIME. IPRI AND IPR2 CONTROL WHAT INFO
C IS WRITTEN:
C IPRI-O -> WRITE CABIN ATMOS. VARIABLES, OTHERWISE SKIP
C IPR20 -> WRITE FLAME SPREAD VARIABLES, OTHERWISE SKIP
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C
90 CALL OUTPUT(IPRI0 IPR2,STATS, NDXS)

C
C SUBR AUXOUT WRITES SELECTED VARIABLES TO FORTRAN UNIT 8 FOR LATER USE,
C SUCH AS PLOTTING. CALLS TO AUXOUT ARE CONTROLLED BY THE FLAG IPR3 SET
C UPSTREAM.
C
C IF( IPR3 EQ. 0 ) CALL AUXOUT
C
C TEST IF THE STOPPING TIME HAS BEEN REACHED, IF SO STOP.
C

IF(ITIME.GE.ITFIN) GO TO 1000
C .
C IF ISW IS NOT - I SKIP THE CALL TO SUBR RESET.
C

IF(ISW.NE.1) GO TO 100
c

C SUBR RESET SETS THE "PAST" ELMNT STATE TO THE "PRESENT" STATE FOR ALL
C ELMNTS TO PREPARE FOR THE NEXT ROUND OF FLAME SPREAD COMPUTATIONS
c

CALL RESET
ISWO

C
100 CONTINUE

C

C SUBR RAMP COMPUTES THE PRODUCT RELEASE RATES FOR THE IGNITION SOURCE
C FIRE DURING THE RAMP-IN PERIOD. DURING THIS PERIOD FLAME SPREAD
C CALCS MUST BE DONE AT EACH SMALL TIME STEP.
C

ITSPRD = IRATIO * IDELT
DELTSP - ITSPRD I THOU
IF (ITIME .GT. IRAMPT) GO TO 120
ITSPRD - IDELT

DELTSP - ITSPRD / THOU
CALL RAMP

IF( ITIME GE. ITIM2 ) GO TO 10
GO TO 20

C

C TEST TO SEE IF IT IS NOW TIME TO MAKE THE FLAME SPREAD CALCULATIONS,
C IF SO TRANSFER TO THE TOP OF THE SPREAD LOOP
C
120 IF( ITIME .GE. ITIM2 ) GO TO 10

C
C FLAME SPREAD CALCULATIONS ARE NOT SCHEDULED. SO RETURN TO THE CABIN
C ATMOSPHERE SECTION
C

GO TO 80
C
C WRITE THE COMPLETION MESSAGE AND STOP
C

1000 WRITE(6,6)
b FORMAT(HI//lOXoIH**NORMAL COMPLETION**)

STOP
END
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SUBROUTINE RAMP
C
C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -
C OB.JECTIVE
C (1) THIS SUBR COMPUTES THE RATES OF HEAT, SMOKE, AND GAS RELEASE AND
C OXYGEN CONSUMPTION FOR THE IGNITION SOURCE FIRE DURING THE
C RAMP-IN PERIOD ( TIME - 0 THRU TIME - IRAMPT)
C ---------------------------------------------------------
C

COMMON/CNTRL/DELTATDELTSP,ECOFLG. WELT, IDENTC2O). IDTPRV. IPEMS,
I IPSPR. IPAUX. IRATIO. ISAVE, ISCALE. ITFIN. ITIME, IT!M2.
2 ITSPRD. NPASS. TFINAL. IDBUGX. EPSLN. MAX ITR. MAXCUT,
3 JCBSKP
COMMON/MATLS/TAIX( 13.7.6). TABY(I9. 7. 6)NTXG. FOXI. RADTAB(7).RADI,
I FOX(7),Nt'ATLS,DI,DMC7).GAMI,GTAD(7),ITF(20),IRAMPT.
2 ITFC(20),ITFCSC7).ITFS(7),ITP(20).ITPC(20),ITPCS(7),
3 ITPE(20),ITPES(7),ITPSC7).GCI,GP(7),QTA(7).RHOI,
4 RHOPI(7),RSIRTAD(7).RTGI(10).UTADC7).CNDCTYC7).XMU.
5 XMFI,TKNS7,TSL(3.2,4),TSP(2,2,4.,CPM(7.WMTrL(7),
6 WMIQF.TKNSIN(7)

C
C FCTR CONVERTS THE OLD RATE VAL.UES FROM THE LAST TIME STEP TO THE
C NEW VALUES FOR THE UPCOMING TIME STEP
C

FCTR - FLOAT( IDELT )/FLOAT( ITIME )*1.0

DOI - DOI * FCTR
RSI - RSI * FCTR
DO 10 IG - 1,NTXG

10 RTGI(IG) = RTGIC 10) *FCTR
FOXI - FOXI *FCTR

C
RETURN

C
END



SUBROUTINE RDGMTY
C--------------------------------------------------------------------------------
C OBJECTIVE
C (1) READ IN VARIABLES DESCRIBING THE CABIN GEOMETRY AND INITIALIZE
C SEVERAL ARRAYS OF GEOMETRIC INFORMATION.
C COMMENTS
C (2) SOME ERROR CHECKING OF THE INPUT IS DONE WITH SUBR ERROR.
C (3) INPUT DATA CARD TYPES AS IDENTIFIED BY THE DACFIR3 USER'S GUIDE
C ARE SHOWN WITH THE CORRESPONDING READ STMTS.
C SEE USER'S GUIDE AND/OR COMMON COMMENTS FOR DEFINITION OF VRBLS.
C-----------------------------------------------------------------------------

COMMON/CNTRL/DELTAT, DELTSP. ECOFLO. IDELT. IDENT(20), IDTPRV. IPEMSI
I IPSPR. IPAUX. IRATIO. ISAVE. ISCALE. ITFIN. ITIME. ITIM2,
2 ITSPRD. NPASS. TFINAL, IDBUGl. EPSLN. MAXITR. MAXCUT.
3 JCBSKP
COMMON/FIRES/AFM(7).AM7).ISTATEtI2O, 15). ISTATS(9, 16.22).
I IWORDCI20,15),IWORDS(9,1622,NFLM(7),NPYR7),
2 RGS(10,7),RSS(7),TOTGAS(10),TQTSEM,TRGF(IO),
3 TRGS(I0),TRSF,TRSS,NCE(30),VITNR,TQTVITRADFIR(30),
4 ACM(7).AF(30),AFI,AEXP,CMB(30),DGKFLMn..30),FSNI,
5 FSN2,FSN3,GAIMA(3O). IBURN. IF(600). IOMNI. IGMNJ.IGMXI.
6 IGMXJ.IGNFIR. IGNIJ(2, 100). IGSN. ISFIRE(30). IVMAX(30).

7 IVMIN(30).IVMN.IVMX.IXFIRE, IZONE(30),JVMAX(30)I
8 JVMIN(30),JVMN,.JVMX,K.NFE(30).NFIRES.NI~JC.NIJS,
9 NPE(30),NSFL(7),OMEGA(30).PDH,PIGN,RF(20,4).RFS(7,4),

I RFWS. RGFU0,.7),RGFK(1O),RHOZ(30).RSF(7),RSFK.TDG.

3 FLOWIN.FLWO3UT. TEFG. IFRVNT. GENRAT(11). TDQMTL(7),
4 TP(7).TPC(7)
COMMON/GASES/CHIL(11. 5).CHIU(11.5),CP,NGAS(11).NSPCS.PAMB,PF(5),

1 RHOAM. RHOL(5). RHOU(5). TAM, TL(5). TU(5). VOLL(5),
2 VOLU(5),ZD(S).XTHEN(120),WMOLEC(I1),TWO(101),
3 JCOR(120)
COMMON/GMTRY/IMATL(20. IMATS(7). IMTLP(4).IMAX(30),IMIN(30),
I IRAY(116, 1RAYS(22).JMAX(30).JMIN3)LSN MAXELINS,
2 CH,CL(4),CW,DWS,HSTS.IARX(40,15),IARYc40,12),ICLL,
3 ICLR. IEND,'IFIRL. IFIRR. ILSTL. ILSTR. IONEC9).
4 ISSWLI(9.10). ISSWLJ(9. 10), ISSWRI(9. 10). ISSWRJ(9. 10).
5 ISWSL(I5. 9).ISWSR(15. 8), ISTARTNPROJ, IPJUL. IPJLL,
6 IP,JUR. IPJLR. JEND. JONE(9), JSTART. NJS. NSG. NV. SGWD(9).
7 SL,SWD(20),VN(20,3),VENTHC24).VENTW(24)VENTC24),
8 XMN(30),XMX(30),XCOR(9),YCORC9),Z(30),SSGWD, TVS,
9 HTI,HT2,HT3,HT4(10).NSSTS,SLSW.SX(30),SZ(30)
I CNCTNS(24),NCOMPS. IFRCMP.FLDW(24). INTD(24).VTOTAL(4).
2 FHfIIN
COMMON/MATLS/TABX( 19.7, 6).TABY( 18. 7.6), NTXG. FOX!, RADTAB (7). RADI.

I FOX(7),NMATLS.DQIDGM(7),GAMI,GTAB(7),ITF20),IRAMPT
2 ITFC(20),ITFCS(7).ITFS(7),ITP(20),ITPC(20).ITPCS(7),
3 ITPE(20),ITPES(7),ITPS(7).GICI,GP(7),OTABC7),RHOI,
4 RHOM(7).RSI,RTAB(7,RTGI(10.UTAB(7).CNDCTY(7,XMUI,
5 XMFI. TKNS(7). TSL(30. 2.4). TSP(2, 2,4), CPM(7). WMMTL(7),
6 WMIGF.TKNSIN(7)
COMMON/PARAMS/GRAV. PI, TR. RGAS. SIGMA. SOD. THOU. TOL. EC. EP
CDMMON/RADTN/ALPC. ABSCF(30). EB. QC(2)

C
C READ CARD TYPE 4 - CABIN MAX CEILING HEIGHT. WIDTH AT FLOOR
C

READ(5.4) CH. CW
4 FORMAT(9F10.1)

C
C READ CARD TYPE 5 - NUMBER OF COMPARTMENTS CMAX VALUE 4 )AND
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COMPARTMENT NUMBER FOR INTERIOR FIRES

C
READ(5,5) NCOMPS, IFRCMP

5 FORMAT(1615)

C
C READ CARD TYPE 6 - COMPARTMENT LENGTHS

C
READ(5,6) (CL(I). I-1,NCOMPS)

6 FORMAT(SF10. 1)
C
C READ CARD TYPE 7 - NO. LINING SURFACES, NO. SEAT GROUPS, CEILING DEFN.

C
READ(5,7) LSN, NSG, ICLL, ICLR

7 FORMAT(16I5)

C
C TEST TO FIND IF MORE THAN 20 LINING SURFS WERE SPECIFIED
C

NERR-I
IF(LSN LE.20)GO TO 101

100 CALL ERROR(NERR)
STOP

101 NERR-2
C
C TEST TO FIND IF MORE THAN 9 SEAT GROUPS WERE SPECIFIED.
C

IF(NSG.GT.9)GO TO 100
NERR-3

C
C TEST TO FIND IF THE NUMBER OF THE RIGHTMOST CEILING SURFACE IS,

C INCORRECTLY. GREATER THAN THE NUMBER GIVEN THE LEFTMOST SURFACE.

C RIGHT AND LEFT ARE DEFINED BY A VIEW LODING AFT.
C

IF(ICLL.LE.ICLR)GO TO 100

C
C NS-LSN+NG TOTAL NO OF SURFS - NO LINING SURFS + NO SEAT GROUPS
C NSSTS - 7 NUMBER OF SEAT SURFACES - 7 (ALWAYS)
C NJS-22 MAXIMUM VALUE OF J INDEX FOR SEAT ELEMENTS IS 22 (ALWAYS)
C SOD0.5 ELEMENTS-ARE ALWAYS 0. 5XO. 5 FT SQUARE.
C HSTS4. 5 TOTAL HEIGHT OF SEATS IS ALWAYS 4. 5 FT.
C

NS-LSN+NSG
NSSTS-7
NJS-22
SGD-0.5
HSTS-4.5
SX(1) = 0.
SZ(1) - 0.

C
C THE FOLLOWING DO-LOOP READS THE LINING SURFACE DIMENSION. Z DISPLACE-
C MENT, NORMAL VECTOR, AND MATERIAL ID FROM CARD TYPE B. THEN MAX AND
C MIN VALUES OF ELMNT I AND J INDICES ARE COMPUTED FOR EACH SURF AND
C VRBL IRAY IS INITIALIZED.

C
IJ - 0
DO 103 1-1,LSN
READ(5, S)SWD(I),Z(I), (VN(IJ),J-,3), IMATL(I)

S FORMAT(SFIO. 1, 15)
JMIN(I)-l
JMAX(1)s15

IXM.IJl
IJ-IJ+2.0*SWD(I)+TOL
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ZMIN( I )iIX

IMAX (I ) =IJ

DO 102 JL-IX, IJ
102 IRAY(JL)uII

C

IF C VN(I,1) NE. 0. ) GO TO 1001

SX(K) - SX(I) + VN(I,3) * SWD(I)
SZ(K) - SZ(I)
0O TO 103

C
1001 SX(K) a SX(I)

SZ(K) a SZ(I) - VN(I.1) * SWD(I)
C
103 CONTINUE

C
SX(LSN+I) - 0.
SZ(LSN+I) - 0.

C
C TEST TO FIND IF MAX ALLOWABLE VALUE OF LINING SURF I INDEX IS EXCEEDED
C

NERR=4

IF(IMAX(LSN). GT. 120)0 TO 100
NERR-5

C
C TEST TO FIND IF MAX ALLOWABLE NUMBER OF ELMNTS (600) IS EXCEEDED.
C

IF((IMAX(1)*JMAX(1)).GT 600)GO TO 100
MAXELI-IMAX(LSN)

C
C DO-LOOP TO READ CARD(S) TYPE 9 : SEAT GROUP WIDTHS AND POSITIONS.

C THEN COMPUTE I AND J INDICES OF THE FLOOR ELMNTS OVER WHICH THE
C REFERENCE CORNER OF THE SEAT GROUP XS LOCATED. ALSO THE Z DISPLACE-
C MENT (HEIGHT ABOVE FLOOR) OR ALL SEATS IS 1.0 FT.
C

DO 104 IS-INSG
READ(5,9) SGWD(IS).XCOR(IS),YCOR(IS)

9 FORMATTSFIO. 1)

IT LSN+IS
Z(IT)-1.0
IONE(IS)-2.0XCOR(IS)+TOL
JONE(IS)-2.0*YCOR(IS)+TOL

104 CONTINUE
C
C READ CARD TYPE 10: SEAT SURFACE MATERIAL ID NUMBERS, EACH SEAT SURFACE
C CAN BE A SEPARATE MATERIAL IF DESIRED.
C

READ(5, 10) (IMATS(I), I1-,.7)
10 FORMAT(2012)

C
C READ CARD TYPE 11 - SEAT TO SIDEWALL FIRE SPREAD DATA. PARTITION
C MATERIAL CODES
C

READ(5,11) DWS, RFWS, (IMTLP(I), I-INCOMPS)
11 FORMAT(2F10. 1,415)

C
C READ CARD TYPE 12 - NUMBER OF VENTS M MAX VALUE 1 24
C

READ(5,12) NV
12 FORMAT(I1I5)

*'-I 9
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IF ( NV EQ. 0 ) GO TO I0

C
C READ CARD(S) TYPE 13 - CONNECTED COMPARTMENTS, DIMENSIONS, FLOW RATES

C FLOW DIRECTION
C

DO 105 1.1. NV
READ(5.13) 11, 12, VENTT(), VENTH(I). VENTW(I), FLOU(I), INTO(I)

13 FORMAT (215, 4F10. 1, 15)

CNCTNE(I) - 11 * 10 + 12
105 CONTINUE

C
104 CONTINUE

C
C REMAINING STATEMENTS INITIALIZE THE ARRAY IRAYS

C
Ixal
DO 45 J-1,4,

45 IRAYS(J)1IX
IX-IX,1
DO 50 J-5.8

50 IRAYS(J)-IX
IXNIX~l
DO 55 J-9, 11

55 IRAYS(J)-IX
IRAYS( 12)-4

DO 60 J-13, 13
40 IRAYS(J)1]X

IX-IX,1
DO 65 J-19.21

65 IRAYS(J)"IX
rRAYS(22)-7

C

150 RETURN
END
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SUBROUTINE RDMTLS
C
C ---------------------------- --------
C OBJECTIVE(S)
C (1) READ IN ALL DATA DESCRIBING THE CABIN LINING SURFACES AND SEAT
C MATERIALS.
C COMMENTS
C (1) TREATMENT OF UNUSED VARIABLES IN ARRAY OF GAS SPECIE NAMES MAY
C BE MACHINE DEPENDENT.

C
COMMON/CNTRL/DELTAT. OELTSP. ECOIFLGIVELT, WENT (20). IDTPRV. IPEMS,
I IPSPR, IPAUX. IRATIO. ISAVEISCALE, ITFIN. ITIME. ITIM2,
2 ITSPRD. NPASS.TFINAL, IDBUGI. EPSLN. MAXITR, MAXCUT.
3 JCBSIKP
COMMON/FIRES/AFM(7),ASM(7),ISTATE(120. 15). ISTATS(9. 16.22).
I IWORD(120.15).IW0RDS(9P,16.-2)NFLl(7),NPYR(7),
2 RGSIO,7).RSS(7),TOTGAS(1O).TO3TSEMTRGF(1O),
3 TRGS(IO),TRSF.TRSS.NCE(30).VITNR.TOTVITRADFIR(30).
4 ACM(7),AF(30).AFIAEXP,COM(30)DOK.PLL(3O).FSNI,
5 FSN2,FSN3.GAI'MA30),IBURN. IF(600), IGlNI, IGMNJ.IGPIXI,
6 IGMX,IGNFIR. IONIJ)(2.100), IQSN. ISFIREC3O). IVMAX(30).
7 IVMIN(30).IVMN.IVMX.IXFIRE.IZONE(30),JVMXC3O),
8 )VMZN(30),,JVMN,,JVM'X, KNFE(30), NFIRES. NIJC NIJSO,
9 NPE(30).NSFL(7).OMEGA(30).PDH.PIQNRF(20,4).RFS(7,4),
I RFWS,RQF(10,7).RGFK(10),RH"OZ(30),RSF(7).RSFK,TDG,!''
2 TBURNI,UZ(30),YZ(30)..ZB(30),RHOEFGCHIEFG(11).
3 FLOWIN. FLWO)UT, TEFO, IFRVNT. GENRAT(11). TDQMTL(7),
4 TP (7), TPC (7)

COMMON/GASES/CHIL( 11. 5).CHIUC 1. 5). CP.NGAS( 11). NSPCS. PAMB.P()
I RHOAM.RHOL(5),RHOU(5),TAMTL(5),TU(5),VOLL(5),
2 VOLU(5).ZD(5),XTHEN(120),WMOLEC(1l).TWO(101).
3 JCOR(120)
COMMON/QMTRY/IMATL(20),IMATS(7),IMTLP(4).IMAX(30).IMIN(30).
I IRAY(Il6).IRAYS(22),.JMAX(30),.JMIN(30).LSN.MAXELI.NS.
2 CH.CL(4).CW.DWS.HSTS.IARX(40, 15).IARY(40. 12). ICLL,
3 ICLR. IEND.'IFIRL. IFIRR. ILSTL. ILSTR, IONE(9).
4 ISSWLI(9,1O),ISUWLJ(9,10),ISSWI910).ISSWRJ(9,1O)
5 ISbdSL(15. 9. ISWSR(1S.8). ISTARTNPR.J. IPJUL. IPJLL,
& IP.JUR. IPJLR. AEND. .JONE(9). JSTART. N..S. NSG. NV. SGWD(9),
7 SLSMD(20),VN(2O,3),VENTH(24),VENTW(24),VENTT(24),
a XMN(30),XMX(30),XCOR(9).YCOR(9).Z(30),SSGWD.TVSG.
9 HTI.NT2.HT3,HT4(10).NSSTS.SLSW.SX(30).SZ(30),
I CNCTNS24).NCOPSIFRCMP,FLOW(24).ZNTO(24),VTOTAL(4).
2 FHMIN
COMMON/MATLS/TABX(Ii. 7. 6).TABYC8. 7. 6). NTXO. FOXI. RADTAB(7). RADI,

I FOX(7),NIIATLS..G'(7),GAMIGTAB(7),ITF(20),IRAMPT,
2 ITFC(20),ITFCS(7).ITFS(7),ITP(20).ITPC(20),ITPCS(7).
3 ITPE(20),ITPESC7).ITPS(7bQCI,QP(7).TAB(7).RHOI,
4 RH.4M(7)RSI.RTAB(7).RTGI(10),UTAB(7),CNDCTY(7),XMUI,
5 XI'FITKNS(7LTSL(30.2.4). TSP(224)CPM(7)WMMTL(7)-
& &*MIOF.TKNSIN(7)

COMMOt/PANAlMI/GNAV P1, QTR. RQAS. SIGMA. SGD, THOU. TOL. EC. EP
COtIMON/RADTN/ALPC. AUSCF(30). EB.OC(2)
DATA !DLNK/4H

C
C READ CARD TYPE 14 - NUMBER OF CABIN MATERIALS. NUMBER OF TRACE GASES
C

READ(5. 14) NPMATLS, NTXG
14 FOAMAT(1615)

C
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C TOTAL NUMBER OF GAS SPECIES ( INCLUDING SMOKE ) IS 6 * NTXG
C

NSPCS - 6 + NTXG
IF( NTXG .EQ. 0 ) GO TO 1001

C
C READ CARD TYPE 15 - TRACE GAS IDENTIFICATION DATA
C

DO 100 IG-I,NTXG
READ(5, 15) NGS,FMW

15 FORMAT( A4, 6X. F10.0
NGAS(5 IG) - NGS

WMOLEC(5 + IG) - FMW
100 CONTINUE

C
C FIRST FIVE SPECIES ARE ASSUMED TO BE N2, 02, 'FUEL', C02, AND H20
C
1001 NGAS(1) - 'N2'

WMOLEC(1) - 28.
NG^S(2) - '02'
WMOLEC(2) - 32.
NGAS(3) - 'FUEL'
WMOLEC(3) - 999.
NQAS(4) - 'C02'

WMOLEC(4) - 44.
NGAS(5) - 'H20'
WMOLEC(5) - 18.
NGAS(NSPCS) - 'SMOK'
WMOLEC(NSPCS) - 999.

C
C READ CARD TYPE 16 - HEAT OF COMBUSTION, STOICHIOMETRIC RATIO,
C FUEL VAPOR CHARACTERISTICS, AND RADIATED FRACTION
C

DO 101 M-INMATLS
101 READ(5o16) QTAB(M), GTAB(M), WMMTL(M), RTAB(M)o UTAB(M), RADTAB(M)
16 FORMAT(BF10. 1)

C
C READ CARD TYPE 17 - SMLDRG THRESHOLD FLUX LEVELS
C

READ(5,17) (GP(M), MIl,NMATLS)

17 FORMAT(SFIO. 1)
C
C READ CARD TYPE 18. TRANSITION TIME(S) TO SMOLDERING FOR EACH MATERIAL
C

READ(5, 18) (TP(M),M-1,NMATLS)
19 FORMAT(BF1O. 1)

C
C READ CARD TYPE 19, TRANSITION TIME(S) SMLDRG-TO-CHARRED FOR EACH MATL
C

READ(5o 19) (TPC(M),M-1,NMATLS)
19 FORMAT(SF10. I)

C
C READ CARD TYPE 20, SMOKE PRODUCTION RATE(S) FOR SMLDRG MATERIAL(S)
C

READ(5,20) (RSS(M),M-1,NMATLS)
20 FORMAT(SFIO.1)

DO 103 IQ-1,NTXQ
C

C READ CARD(G) TYPE 21, GAS PRDCTN RATES IN SN.LDRG STATE FOR EACH NATL
C

READ(5,21) (ROS(IG.M).M-t.NMATLS)

21 FORMAT(BF10. 1)
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C
C CONVERT GAS PRDCTN RATES FROM MICROLBM/(FT*FT*SEC) TO 

LBM/(FT*FT*SEC)

C
DO 102 M-INMATLS
RGS(IG, M)-RGS(IG, M)1. E-6

102 CONTINUE
103 CONTINUE

C
C THE NEXT FOUR STMTS READ THE TABLES OF FLAMING STATE PROPERTIES.

C EACH TABLE CONSISTS OF SIX PAIRS OF (RADIATION LEVEL, 
PROPERTY VALUE)

C AND OCCUPIES ONE RECORD (CARD). RADIATION LEVELS SHOULD BE IN

C ASCENDING ORDER. TABLES FOR A GIVEN PROPERTY ARE READ 
FOR ALL MATLS

C BEFORE GOING ON TO THE NEXT PROPERTY. THESE ARE CARD 
TYPES 22 THRU 34

IEND-NTXG+S

DO 104 NO-I. lEND
READ(5,22) ((TAX(NO,M,N),TABY(NO,MN),N-1,6),M-1,NATLS)

22 FORMAT(6(FS. 1,FS. 1))

104 CONTINUE

C CONVERT ALL GAS PRDCTN RATES FROM MICROLBM/(FT*FT*S) 
TO LBM/(FT*FT*S)

C
DO 117 NOQ, IEND
DO 117 MI,NMATLS

DO 116 N-1,6

116 TABY(NOM,N)-TABY(V,.M,N)*1.E-6
117 CONTINUE

C
C READ CARD TYPE 35 - BULK THERMAL PROPERTIES OF MATERIALS INSULATION

C
DO 1S M-I, NMATLS

1"0 READ(5,40) CPMfM), RHOM(M), TMNS(M), CNDCTY(M), TKNSIN(M)

40 FORMAT(SFO. 1)

C
C READ CARD TYPE 36 - AMBIENT TEMPERATURE AND PRESSURE

C
READ(5,41) TAM. PAME

41 FORMAT C 8F 1. 1)
C
C THE NEXT 8 STMTS INITIALIZE THE INTEGER ARRAYS CONTAININ9 TIMES TO

C START SMLDRG AND TIME TO S DR OUT. ARRAYS ARE SUICRIPTED BY RFACE

C NUMBER.
C
200 DO 210 IwI,LSN

M-IMATL(I)
ITP(I)-TP(M) O. 5

210 ITPC(I)-TPC(M)+0. 
5

DO 220 IS11.7
M-IMATS(IS)
ITPS(IS)uTP(M) O 5

220 ITPCS(IS)-TPC(M)+0. 5

RETURN
END

j
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SUBROUTINE INITLZ
C ---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C OBJECTIVE(S)
C (1) INITIALIZE MOST CONSTANTS AND VARIABLES
C (2) SET ALL ELEMENT STATES TO THE INITIAL (VIRGIN) STATE
C (3) COMPUTE FLAME SPREAD CALCULATION INTERVALS, DELTSP AND ITSPRD
C COMMENTS
C (1) SEE MAIN PGM FOR BEST DEFINITION OF VARIABLES
C (2) SOME ELMNT STATES MAY BE RE-INITIALIZED BY SUBR RDIGTN WHICH
C FOLLOWS DOWNSTREAM
C -------------------------------------------------

COMMON/CNTRL/DELTAT. DELTSP. ECOFLO. IDELT. IDENT(20). IDTPRV. IPEMS,
I IPSPR. IPAUX. IRATIO. ISAVE. ISCALE. ITFIN. ITIME. ITIM2,
2 ITSPRD.NPASS. TFINAL, IDBUG1. EPSLN. MAXITR. MAXCUT.
3 JCBSKP
COMMON/FIRES/AFM(7).ASM(7). ISTATE( 120. 15). ISTATS(9, 16.22).
I IWORD(120.15).IWORDS(9,16,22).NFLM(7),NPYR(7),
2 RGS(10,7).RSS(7),TOTGAS(10),TOTSEM.TRGF(10).
3 TRGS(IO), TRSF.TRSS,NCE(30),VITNR.TOTVITRADFIR(30),
4 ACM(7),AF(30).AFI,AEXP.COMB(30).DQK.FLML(30).FSN1,
5 FSN2,FSN3.GAMMA(3O). IBURN, IF(600). IOMNI. IGMNJ, IGMXI,
& IGMX). IONFIR, IGNI.J(2. 100), IGSN. ISFIRE(30). IVMX(3O.
7 IVMIN(3O),IVMNIVMX.IXFIRE,IZONE(30),J)VMAX(30),
a JVMIN(30.).JVMN.JVMX.K.NFE(30).NFRESNIJCNIJS.
9 NPE(30),NSFL(7),OMEGA(30)PDH,PINR20,4),RFS(7,4).
I RFWS.RGF(1Q,7),RGFK(10).RHOZ(30).RSF(7),RSFK,TDQ,
2 TBURNIUZ(30).YZ(30),ZBC3O),RHOEFG.CHIEFG(.11h
3 FLOWIN, FLWOUT. TEFG. IFRYNT. GENRATC 1), TDGMTLC7),
4 TP(7).TPC(7)
COMMON/GASES/CHIL( 11.5). CHIUC11, 5). CP.NGAS( 11).NSPCS. PAMS. PF(5).

t RHOAM,RHOL(5).RHO0U(5),TAMTL(5).TU(5),VOLL(5).
2 VOLU(5).ZD(5),XTEN120),WMOLEC(11).TW010u.)
3 JCOR(120)
COMMON/GMTRY/IMATLC20).IMATS(7),IMTLP(4),IMAX(30).IMIN(30)

1 IRAY(116).IRAYS(22).JMAX(30),JMIN3),LSNMAXELI.NS.
2 CH,CL(4),CW.DWS,HSTS,IARX(40,15),IARY(40,12).ICLL,
3 ICLR. lEND. IFIRL, IFIRR. ILSTL. ILSTR. IONE(9),
4 1 SSWL 1(9 10) #I SSWLJ (9. 10). 1SSWR 1(9, 10), 1SSWR.J OF.10),
5 ISbISL(153). ISWSR(15.S). ISTART.NPROJ. IPJUL, IPJLL,
& IP-JUR. IPJLR. JEND. JONECY). JSTART. NJS,NS@. NV. SGWD(Y).
7 SL,SWD(20).VN(20,3).VENTH24).VENTW(24),VENTT(24),
a XMt(30).XMX(30),XCOR(9).YCOR(9),Z(30),SSGWD.TVS,
9 I,1HT2HT3HT4(1O).NSSTS,SLSW.SX(30).SZ(30).
I CNCTNUC24).NCOPIPS.IFRCMP.FLOW(24).INTO(24).VTOTL(4)I
2 FHMIN
COMMON/MATLS/TABX( 19.7.6). TABYC 19.7.6). NTXO. FOXI. RADTAB(7). RADI.

I FOX(7),NMATLS.DOI,DOM(7),GAMI.GTAB(7).ITF(20).IRAMPT,h2 ITFC(20),ITFCS(7ITFS(7).ITP(20).ITPC(20),ITPCS(7).
3 ITPE(20),ITPES(7)ITPS(7).OCIOP(7)GTAB(7).ROI,
4 RHOM(7).RSI.RTAD(7).RTGI(10).UTAB(7).CNDCTY(7).XMIl.
5 XMFI, TKNS(7). TSLC3O. 2.4). TSP(2. 2,4). CPM(7). WMMTLC7).
6 WMIOF TKN:IN(7)
COMMON/PARAMS/GRAY P1. GTR, ROAS. SIGMA. SOD. THOU, TOL. EC. EP
COPIMON/RADTN/ALPC, ABSCF(30). EB. C(2)
DIMENSION X(120)

C INITIALIZE VARIOUS CONSTANTS.
P1-3. 1415927
GRAV - 22. 174
RGAS = 1545. 0
CP. 24
SIGMA-4.761E-13
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THOU.ICOO 0

OTR-O 25
C ABSORPTION COEFFICIENT FOP ALL FIRES IS GIVEN THE DEFAULT VALUE 0. 25

D 191 K-1,30
191 ABSCF(K)-0.25

C INITIALIZE MORE CONSTANTS.
EB-16.3
EC-0.11
EP-0. 10

C COMPUTE THE OXYGEN CONSUMPTION FACTOR FOR EACH MATERIAL.
DO 190 M-1,NMATLS

190 FOX(M)-GTAB(M)/GTAB(M)
C INITIALIZE THE HEAT FLUX VARIABLES GC(1) AND QC(2)

GC(1)0O.
OC(2)-C.

C THE NEXT 12 STMTS INITIALIZE THE IWORD AND ISTATE ARRAYS FOR ALL CABIN

C LINING SURFACE ELEMENTS.
I-0

10 1-1+1
I11IMIN(1)
12-IMAX(I)
DO 20 11-I1. 12

J1-.JMIN(I)
J2-,.JMAX(I)
DO 15 JsJnJlJ2
IWORD(II, JJ)i0

15 ISTATE(II1JJ)-Il
20 CONTINUE

C TEST IF ALL LINING SURFACES HAVE BEEN COVERED.
IF(I.LT.LSN) GO TO 10

C THE NEXT 14 STMTS INITIALIZE THE IWORDS AND ISTATS ARRAYS FOR ALL SEAT

C ELEMENTS.
I-LSN

30 I-I+l
IS-I-LSN
JMIN(I)I1
JMAX(I)-22
IMIN(1)-i
IMAX(I)-2.0*SGWD(IS)+TOL

I2-IMAX(I)
DO 40 J~J1.22
DO 35 11-1.12
IWORDS(IS. II J,J)O

35 ISTATS(IS, II, J)mIll
40 CONTINUE

IF(I.LT-NS) GO TO 30

C TEST IF ALL SEAT GROUPS HAVE BEEN COVERED.
C INITIALIZE THE ARRAY 'IF' USED TO ORGANIZE FIRE BASE AREAS.

Do 60 IJ-1,600

60 IF(IJ)O
C SET THE COUNTERS OF SMLDRG, FLAMING, AND CHARRED ELMNTS PER SURF TO 0.

DO 70 Iml,NS
NCE(I)-O
NPE(I)-O

70 NFE(I)0O
C
C CALL SUBR INIT2 TO SET UP GEOMETRY ARRAYS
C

CALL INIT2
C
C CONVERT THE SMALL TIME STEP SIZE AND STOP TIME FROM THE (INPUT) VALUE
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C IN SECONDS TO MILLISECONDS
IDELT-DELTAT*THOU+O. 1

IDTPRV-IDELT
ITFINITFINAL*THOU+0. 1

C A VALUE OF IRATIO = 0 RESULTS IN A FLAME SPREAD CALCULATION AT EACH

C SMALL INTEGRATION STEP (EACH IDELT). THIS IS A DEFAULT SETTING

IF(IRATId.GT O)GO TO 80
ITSPRD-1
DELTSP-I.0
GO TO 90

C ITSPRD IS THE TIME BETWEEN FLAME SPREAD PASSES IN MILLISECONDS, AND

C DELTSP IS THE SAME GUANTITY GIVEN IN SECONDS ONCE THESE VALUES ARE

C INITIALIZED THEY REMAIN CONSTANT IN THIS VERSION (3 0)

80 ITSPRD=IDELT*IRATIO
DELTSP-ITSPRD/THOU

90 CONTINUE

C IPENS IS THE INTERVAL IN MILLISECONDS BETWEEN SUCCESSIVE OUTPUT OF THE

C CABIN GAS VARIABLES, IPSPR IS THE CORRESPONDING VALUE FOR THE FLAME

C SPREAD CALCULATIONS.
IPEMS-IPEMS*THOU+0.1
IPSPRIIPSPR*THOU+0. 1
IPAUX - IPAUX * THOU + 0. 1

C
DO 110 NC-I,NCOMPS

c

C INITIALIZE SPECIES MASS FRACTIONS AND SMOKE FOR UPPER AND LOWER ZONES

C OF ALL COMPARTMENTS
C

CHIL(1,NC) = 0.77
CHIU(IoNC) 0.77
CHIL(2.NC) 0.23
CHIU(2, NC) - 0.23
CHIL(3. NC) - 0.0
CHIU(3, NC) - 0.0
CHIL(4, NC) - 0.0
CHIU(4.NC) - 0.0
CHIL(5.NC) - 0.0
CHIU(5,NC) - 0.0

DO 100 NT-I.NTXG+l
CHIL(SNTNC) - 0.0
CHIU(5+NT,NC) - 0.0

100 CONTINUE
110 CONTINUE

C
C COMPARTMENT NUMBER 5 IS THE EXTERIOR ALWAYS

C
CHIL(1,5) - 0.77
CHIU(1,5) n 0.77
CHIL(2,5) - 0.23
CHIU(2,5) w 0.23
CHIL(3,5) = 0.0
CHIU(3,5) - 0.0
CHIL(4,5) a 0.0
CHIU(4.5) - 0.0
CHIL(5,5) - 0.0
CHIU(5,5) a 0.0

C

C ALL COMPARTMENT PRESSURES, TEMPERATURES, AND DENSITIES ARE SET TO

C THE AMBIENT VALUES

C
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DO 115 NC-1.NCOMPS
PF(NC) = PAMB
TL(NC) = TAM
TU(NC) = TAM
RHOL(NC) - PAMB / ( 53.42324 * TAM
RHOU(NC) - RHOL(NC)

C CONVERT PRESSURE UNITS TO LBM/(FT-SEC**2)
PF(NC) = PF(NC) * GRAV

C
C TO AVOID STARTING PROBLEMS THE UPPER ZONE VOLUME IS INITIALIZED
C TO A NON-ZERO VALUE OF 0.001 * COMPARTMENT VOLUME

C

CALL XSECC CH. AREA
VTOTAL(NC) = CL(NC) * AREA

VOLL(NC) = 0.999 * VTOTAL(NC)
VOLU(NC) = 0.001 * VTOTAL(NC)

C
C SET THE THERMAL DISCONTINUITY POSITION (LOWER ZONE THICKNESS) FROM
C THE LOWER ZONE VOLUME
C

ZDG - 0.999 * CH
CALL HEIGHT( NC. VOLL(NC), ZDG, ZD(NC)

C
C

115 CONTINUE
C

DO 120 NC-6.11
CHIL(NC.) = 0.0
CHIU(NC,5) - 0.0

120 CONTINUE
C .

PF(5) a PAMB
TU(5) - TAM
TL(5) - TAM

RHOU(5) - PAMB / C 53.42324 * TAM
RHOL(5) - RHOU(5)

PF(5) - PF(5) * GRAV
VOLL(5) - 99999.
VOLU(5) - 99999.

C
ZD(5) - 99999.

C
C SET THE MATERIALS SURFACE TEMPERATURES TO THE AMBIENT
C

DO 130 IC-INCOMPS
TSP(l, 1. IC) - TAM
TSP(1,2, IC) - TAM
TSP(2, 1, IC) - TAM
TSP(2,2, IC) - TAM

DO 130 JwlLSN
TSL(J, I, IC) - TAM
TSL(J,2, IC) - TAM

130 CONTINUE
C
C INITIALIZE ARRAY TWO

C
DO 140 IC-I,50
TWO(IC 51) - 2. ** IC
TWO(51-IC) - 2. 4* (-IC)

140 CONTINUE
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TWO(51) - 1.
C
C INITIALIZE ARRAY X
C

1-0
DO 170 N2-1,NCOMPS
DO 150 NIiI,NSPCS
I I+1

150 X(1) - CHIL(NIN2)
DO 160 NI1I,NSPCS

160 X(I) = CHIU(N1,N2)
X(I+1) a PF(N2)
X(I+2) = RHOL(N2)

X(I+3) - RHOU(N2)
X(I+4) - TL(N2)

X(1+5) - TU(N2)
X(I+6) = VOLL(N2)
X(1+7) - VOLU(N2)
X(I+8) - ZD(N2)

170 CONTINUE
C
C TO INITIALIZE ARRAY JCOR CALL SCALE WITH ISW = 0
C

CALL SCALE(O,X,I)
C

C INITIALIZE ARRAY XTHEN
C

DO 180 JJ-1,I
XTHEN(JJ) - X(dJ)

180 CONTINUE
C
C
C SET THE IGNITION SOURCE FLAG TO A DEFAULT OF ZERO
C

IBURN - 0
RETURN
END
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SUBROUTINE INIT2
C -
C OBJECTIVE(S)
C (I) THIS SUBROUTINE INITIALIZES 10 ARRAYS CONTAINING INFORMATION ABOUT
C THE GEOMETRIC RELATIONSHIP AMONG THE CABIN SURFACES:
C
C IARX(LN) INDICATES POSITION OF SEAT GROUPS WITH RESPECT TO THE
C FLOOR (X-Y) PLANE. SUBSCRIPTS CORRESPOND TO THE I AND J

C INDICES OF THE FLOOR ELEMENTS. VALUE IS THE NUMBER OF
C THE SEAT GROUP DIRECTLY ABOVE FLOOR ELMNT L,N. VALUE
C OF ZERO INDICATES NO SEAT GROUP ABOVE.

C
C IARY(LN) INDICATES POSITION OF OVERHEAD SURFACES (CEILING, HAT

C RACK, PSU'S, ETC. ) WITH RESPECT TO SEAT GROUPS AND
C FLOOR. SUBSCRIPT L EQUALS THE FLOOR I INDEX. SUBSCRIPT
C N IS USED AS FOLLOWS:
C N-I,NON-ZERO VALUE - J INDEX OF ELMNTS ON SEAT GROUP 1

C WHICH ARE IN THE SAME Y-Z PLANE AS FLOOR ELMNTS
C WITH I INDEX - L.
C N2, NON-ZERO VALUE = J INDEX OF ELMNTS ON SEAT GROUP 2

C WHICH ARE IN THE SAME Y-Z PLANE AS FLOOR ELMNTS
C WITH I INDEX - L.
C
C ... AND SO ON THRU
C

C N-9, NON-ZERO VALUE - J INDEX OF ELMNTS ON SEAT GROUP 9
C WHICH ARE IN THE SAME Y-Z PLANE AS FLOOR ELMNTS

C WITH I INDEX a L.
C A ZERO VALUE FOR IARY(L,N-1 THRU 9) INDICATES NO SEAT

C GROUP N ELMNTS ARE IN THE SAME Y-Z PLANE AS FLOOR
C ELMNT (L,N)
C FOR N-IO AND 11 IARY CONTAINS DATA ON THE HAT RACK IF

C IT EXISTS. ONLY ONE HAT RACK (FOR EACH SIDE OF THE
C CABIN) IS ALLOWED. IF THERE IS NO HAT RACK IARY(L, 10)

C AND IARY(L,11) WILL REMAIN ZERO.
C N-IO, VALUE - I INDEX OF ELMNTS ON HAT RACK BOTTOM

C SURF (FACING FLOOR) WHICH ARE IN THE SAME Y-Z

C - PLANE AS FLOOR ELMNTS WITH I INDEX - L.
C N-11, VALUE - I INDEX OF ELMNTS ON HAT RACK UPPER
C SURF (FACING CEILING) WHICH ARE IN THE SAME Y-Z
C PLANE AS FLOOR ELMNTS WITH I INDEX - L.

C FOR N-12 IARY CONTAINS DATA ON CEILING SURFACES WHICH

C ARE PARALLEL TO AND FACING THE FLOOR.
C N-12, VALUE - I INDEX OF ELMNTS ON CEILING (OR PSU,

C STOW BIN, ETC) SURFS WHICH ARE IN THE SAME Y-Z

C PLANE AS FLOOR ELMNTS WITH I INDEX - L.

C
C ISWSL(LN) INDICATES THE POSITION OF THE LEFT-MOST SEAT GROUPS

C WITH RESPECT TO THE LEFT CABIN SIDEWALL. ( LEFT IS
C DEFINED BY A VIEW FACING AFT. ) SUBSCRIPT L EQUALS THE

C SIDEWALL J INDEX AND N IS USED AS FOLLOWS:
C N-1, VALUE - SEAT GROUP NUMBER ADJACENT TO SIDEWALL
C ELMNTS WITH J INDEX - L.

C N-2,3,4,....8 VALUE = J INDEX OF SEAT ELMNT NEAREST
C TO SIDEWALL ELMNT WITH J INDEX - L. FOR N-2 THESE
C ARE SEAT ELMNTS ON THE CUSHION TOP AND LOWEST

C REAR ROW OF THE BACK REST, FOR N-3 NEAREST ELMNTS
C ARE ON THE NEXT HIGHEST REAR BACKREST ROW, ETC.
c EXAMPLE: ARRAY ISWSL FOR 2 SEATS (NUMBERS 1 AND 4)

C ADJACENT TO THE LEFT SIDEWALL STARTING AT J-2
AND J-8 ON THE SIDEWALL
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C N
C ISWSL(L.8) 11 11
C ISWSL(L,7) - 10 10
C ISWSL(L.6) 9 9
C ISWSL(L.5) -8 8
C ISWSL(L.4) - 7 7
C ISWSL(Lo3) a 6 6
C ISWSL(L,2) - 21 20 19 5 21 20 19 5
C ISWSL(L.1) 1 I 1 1 4 4 4 4
C La 1 2 3 4 5 6 7 8 9 10 11 12 15
C VALUES OF THE ARRAY FOR ALL OTHER LN PAIRS WILL BE ZERO.
C
C ISWSR(LoN) INDICATES THE POSITION OF THE RIGHT-MOST SEAT GROUPS
C WITH RESPECT TO THE RIGHT CABIN SIDEWALL. VALUES AND
C SUBSCRIPT DEFINITIONS DEFINED ANALOGOUSLY TO ISWSL.
C
C ISSWLI(IS.N)
C AND THESE ARRAYS INDICATE THE POSITION OF THE LEFT
C ISSWLJ(IS.N) SIDEWALL WITH RESPECT TO THE LEFT-MOST SEAT GROUPS.
C THEY CONTAIN VALUES OF SIDEWALL ELMNT I AND J
C INDICES NEAREST TO THE SEAT ELMNTS WITH I INDICES
C GIVEN BY N. IS IS THE SEAT GROUP NUMBER.
C

C ISSWRI(ISN)
C AND THESE ARRAYS INDICATE THE POSITION OF THE RIGHT
C ISSWRJ(ISN) SIDEWALL WITH RESPECT TO THE RIGHT-MOST SEAT GROUPS.
C THEY CONTAIN VALUES OF SIDEWALL ELMNT I AND J
C INDICES NEAREST TO THE SEAT ELMNTS WITH I INDICES
C GIVEN BY N. IS IS THE SEAT GROUP NUMBER.
C
C XMX(I) AND XMN(I) ARE THE MAXIMUM AND MINIMUM DISTANCES (FT)
C OF LINING SURFACE I ABOVE THE FLOOR
C
C (2) THIS SUBROUTINE ALSO.DETERMINES THE VALUES OF THE FOLLOWING:
C
C FHMIN - THE MINIMUM DISTANCE FROM THE CABIN FLOOR TO THE
C CEILING IN FT.
C NPROJ - A FLAG TO INDICATE THE PRESENCE OF PROJECTING SURFACEb
C (HAT RACKS), NPROJ a 1 => HAT RACK IS PRESENT.
C IPJUL - SURFACE NUMBER OF THE UPPER LEFT HAT RACK SURFACE
C IPJLL - SURFACE NUMBER OF THE LOWER LEFT HAT RACK SURFACE
C IPJUR - SURFACE NUMBER OF THE UPPER RIGHT HAT RACK SURFACE
C IPJLR - SURFACE NUMBER OF THE LOWER RIGHT HAT RACK SURFACE
C IFIRL - I INDEX OF HIGHEST ELMNT ON LEFT SIDEWALL NEXT TO A SEAT
C IFIRR - I INDEX OF LOWEST ELMNT ON RIGHT SIDEWALL NEXT TO A SEAT
C ILSTL - I INDEX OF LOWEST ELMNT ON LEFT SIDEWALL NEXT TO A SEAT
C ILSTR = I INDEX OF HIGHEST ELMNT ON RIGHT SIDEWALL NEXT TO A SEAT
C
C COMMENTS
C (I) THE PURPOSE OF MOST OF THIS INFORMATION IS THE CALCULATION OF
C FLAME SPREAD IN SUBROUTINES COND, CONDS, FCON, AND FCONS, AND THE
C PROPAGATION OF SMOLDERING REGIONS IN PVOL AND PVOLS.

C (2) BEFORE STUDYING THE OPERATION OF THIS SUBROUTINE REVIEW OF THE
C ELEMENT NUMBERING CONVENTIONS GIVEN IN THE USER'S GUIDE, APDX C OF
C C23 IS RECOMMENDED.
C- ----------------------------------------------------------------------

COMMON/CNTRL/DELTAT, DELTSP, ECOFLG, IDELT, IDENT(20),IDTPRVoIPEMS.
1 IPSPR. IPAUX. IRATIO. ISAVE. ISCALE. ITFIN. ITIME. ITIM2.
2 ITSPRD, NPASS, TFINAL, IDBUGIEPSLN, MAXITR, MAXCUT,
3 JCBSKP
COMMON/FIRES/AFM(7),ASM(7), ISTATE(120, 15), ISTATS(9, 16,22),
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1 IWORD(120,15).IWORDS916,22)NFLM17),NPYR7),
2 RGS(1O,7),RSS(7),TOTGAS(IO)..TOTSEM,TRGF(1O),
3 TRGS(IO),TRSFTRSS,NCE(3O),VITNR,TOTVITRADFIR(30).
4 ACM(7),AF(30),AF!,AEXP,COMB(30),DOK,FLML(3O),FSN,
5 FSN2,FSN3.GAMMAc3O). IBURN. IF(600). IOMNI, IGMNJ. IGMXI.
6 IGMXJIGNFIR,IGNI.J2100)IGSN,ISFIRE(30),IVMAX(3O).
7 IVMIP(3O),IVMN.IVMX.IXFIRE IZONE(30).JVMAX(30).
U JVMIN(30),JVMN.JVMX,K.NFE(3O),NFIRES.NIJC,NIJSG,
9 NPE(3OhNSFL(7),OMEGA(30).PDH.PIGNRF(20,4),RFS(7,4),
I RWS,RGF(1O,7),RGFKCIO),RHOZ(3O),RSFC7),RSFK.TDG,
2 TBURNI.UZC30).YZ(30),ZB(30),RHOIEFGCHIEFG(11),
3 FLOWIN. FLWOUT.TEFQ. IFRVNT. QENRAT(11). TDOMTL(7),
4 TP(7).TPCC7)
COMMON/GASES/CHIL( 11.5). CHIU( 11.5). CP.NGAS( 11).NSPCS, PAMS. PF( 5).
I R)4OAM, RHOL(5). RHOU(5). TAM. TL(5). TUCS). VOLL(5),
2 VOLU(5)LZD(5).XTHEN(120),WMOLEC(11),TWO(IOI),
3 JCOR(120)
COMMON/GMTRY/IMATL(2O). IMATS(7). II'TLP(4). XMAX(30). IMXN(30),

I IRAY(116).IRAYS(22)..JMAX(30).JMIN(30).LSNMAXELI.NS.
2 CH,CL(4)hCWDWSHSTS IARX(4O.15),IARY(40,12).ICLL,
3 ICLR. lEND. IFIRL. IFIRN. ILSTL. ILSTR. IONE(9),
4 ISSWLI(9,1O),ISSWLJ(9,1O),ISSWRI(9,1),ISSWRJ(9,1O,
5 ISWSL15. 9). ISWSR(15,8). ISTARTNPROJ. IPJUL. IPJLL,
6 IPJUR. IPJLR..JEND,JONE(9),.JSTART,NJS,NSQ.NV,SGWD(9).
7 SL,SWD(20),VN(20.3),VENTH(24).VENTW(24),VENTT(24),
a XMN(30),XMX(30),XCOR(9),YCOR(9),Z(30),SSGWD,TVSG,
9 HTI,HT2.HT3,HT4(1O).NSSTS.SLSWSX(30),SZ(30),
I CNCTNS(24).NCOMPS,IFRCMPFLOW(24),INTO(24),VTOTAL(4),
2 FHM!N
COMMON/MATLS/TADX( 19.7.6), TABY(19.7. 6). NTXG. FOX!. RADTAB(7). RADI,

I FOX(7),NMATLS,DOI,DOM(7),GAMI,GTAB(7),ITF(20,IRAMPT,
2 ITFC(20),ITFCS(7).ITFS(7),ITP(20),ITPC(20).ITPCS(7).
3 ITPE20),IPES(7.ITPS(7,CI.QP.7,.QTAB(7,RHOI
4 RHOM(7).RSIRTAB(7).RTOI(1O),UTAD(7).CNDCTY(7).XMUI.
5 XMFI,TKNS(7),TSL(30,2,4),TSP(2.2.4),CPM(7),WMMTL(7),
6 WIQIF.TKNSIN(7)
COMMON/PANAMS/GRAY. P1. TR. RQAS. SIGMA. SGD.THOU. TOL. EC. EP
COMMON/RADTN/ALPC-, AUSCF(30). ED.GC(2)

C INITIALIZE ZARY AND IPJLL THRU IPJUR TO ZERO. 12 IS THE HIGHEST I
C INDEX VALUE ON THE FLOOR

12-IMAX (1)
DO 2 N-i. 12
DO 2 L-1.12

2 IARY(L,N)-O
IP.JLL-O
I PAIL-O
IPJLR-O
IPJUR-O

C THE LOOP THRU STMT 5 LOADS IARY(L. 12) WITH I INDICES FROM THE CEILING
C ICLR IS THE RIGHT-MOST CEILING SURF, ICLL THE LEFT-MOST.

L-12+1
DO 5 I-ICLR. ICLL

C SKIP VERTICAL CEILING SURFACES
IF(VN(I. 3). EQ.0. )GO TO 5
XI*IMIN( I
12-IMAX (I)
DO 4 11-11, 12
L-L-1

4 IARY(L.12)11l
5 CONTINUE

C INITIALIZE NPROJ AND PREPARE TO LOAD IARV(L. 11)
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NPR0J"O
lox"It
IX-ICLL+I

C LOOP THRU STMT 9 LOADS IARY(LL, 11) WITH UPPER HAT RACK SURFACE I
C INDICES. IF NO SUCH UPWARD FACING SURFACES ARE FOUND NO LOADING TAKES
C PLACE AND NPROJ WILL STAY S 0.

DO 9 I1IX,LSN
C TEST FOR SURFACE I BEING UPWARD FACING BY USING Z-COMPONENT OF NORMAL

IF(VN(I,3).NE.1.O)GO TO 9
IPJUL- I
LLO
II-IMIN(I)
I2-IMAX(I)
DO 7 11-11,12
LL"LL+1

7 IARYCLL.IDX)-II
C HAT RACK FOUND, NPROJ-1:

NPROJ- I
ISTOR-I

C SINCE A HAT RACK WAS FOUND SKIP TO STMT 11 TO FINISH FILLING
C IARY(LL, 11)

GO TO 11
9 CONTINUE

C IF CONTROL REACHES THIS POINT, NO HAT RACK EXISTS SO SKIP TO STMT 27
GO TO 27

C LOOP THRU STMT 14 LOADS IARY(LL, 10) WITH I INDICES FROM THE LOWER
C SURFACE OF THE HAT-RACK.
11 IX-ISTOR.t

IDX-1O
DO 14 I-IX,LSN
IF(VN(I,3).NE.-1.0)GO TO 14
IPJLL-I
II-IMIN(I)
12-IMAX (I)
LL12-I 1+2
DO 13 11-11o12
LL-LL- 1

13 IARY(LL. IDX)-II
GO TO 17

14 CONTINUE
C IF CONTROL REACHES THIS POINT NO HAT RACK LOWER SURFACE HAS BEEN FOUND
C TO MATCH THE UPPER LEFT SURFACE DISCOVERED PREVIOUSLY. THEREFORE
C WRITE AN ERROR MESSAGE AND STOP.

WRITE(&, 15)

15 FORMAT ( / lOX, 4SHHAT RACK LEFT LOWER SURFACE. NOT FOUND. -. PGM. STOP)
999 STOP

C LOOP THRU STMT 20 LOADS IARY(LL, 10) FOR THE LOWER SURFACE OF THE RIGHT
C HAT RACK.
17 IX-ICLR-1

DO 20 1-2, IX
IF(VN(I,3).NE.-1.0)GO TO 20
I PJLR" I
II-IMIN(I)
12,IMAX( I)
IDX-1O
LL-IMAX (1) 1
DO 19 11-11.12
LL-LL- 1

19 IARY(LL. IDX)-II
ISTOR-I
GO TO 22
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20 CONTINUE
C IF NO RIGHT HAT RACK LOWER SURFACE IS FOUND (AFTER A LEFT HAT RACK
C HAS BEEN).WRITE AN ERROR MESSAGE AND STOP

WRITEC6, 21)
21 FORMAT(/IOX.49HHAT RACK RIGHT LOWER SURFACE NOT FOUND - PGM STOP)

GO TO 999
22 IT-ISTOR+I

IDX=11
C LOOP THRU STMT 24 LOADS IARY(LL,11) FOR THE UPPER SURFACE OF THE RIGHT
C HAT RACK.

DO 24 I-IT, IX
IF(VN(I,3).NE. 1.0)GO TO 24
IPJUR-I
II-IMIN(I)

12-IMAX(l)
LL-IMAX(l)-I2+I1-i
DO 23 I1I11, 12
LL=LL+I

23 IARY(LL, IDX)-II
GO TO 27

24 CONTINUE
C IF NO RIGHT HAT RACK UPPER SURFACE IS FOUND WRITE A MESSAGE AND STOP.

WRITE(6,25)

25 FORMAT(/IOX,49HHAT RACK RIGHT UPPER SURFACE NOT FOUND - PGM STOP)
GO TO 999

C THE NEXT 15 STMTS INITIALIZE ARRAY IARX. FIRST LOAD THE ARRAY WITH 0.

27 12-IMAX(1)
DO 30 N-1 15
DO 30 L-I,12

30 IARXCL,N)-O
C LOOP THRU STMT 40 LOADS THE SEAT GROUP NUMBER INTO IARX(L,N) WHERE
C L AND N HAVE VALUES EQUAL TO THE FLOOR I AND J INDICES OVER WHICH A
C SEAT GROUP STANDS. lONE AND JONE HAVE BEEN COMPUTED FROM XCOR AND YCOR
C IN SUBROUTINE INPUTG.

DO 40 IS-I,NSG
II-IONE(IS)+I
12-SGWD(IS)*2.0+TOL
12-IONE(IS)+I2 -
Jl-JONE(IS) I
J2-4ONE(IS)+4
IX-IS
DO 35 Ll, ,12
DO 35 N-l,J2

35 IARX(LN)-IX
40 CONTINUE

C THE NEXT 49 STMTS LOAD THE ARRAYS ISWSR AND ISWSL. FIRST SET THEM TO
C ZERO.

I2-JMAX(t)
00 45 L- 12
DO 45 N-I.e
ISWSR(L, N)-O

45 ISWSL(LN)-O
C ILSTL, IFIRL, IFIRR, AND ILSTR ARE FOUND FROM THE MAXIMUM LINING SURF

C I VALUE, IMAX(LSN), AND THE MINIMUM I INDEX FOR THE FIRST RIGHT SIDE-
C WALL SURFACE, IMIN(2). NOTE HOW THE ASSUMPTION OF STANDARD SEAT SIZE
C AND POSITION IS USED.

ILSTL-IMAX(LSN)-2
IFIRL-ILSTL-6
IFIRR-IMIN(21+2
ILSTR-IFIRR+6

C LOOP THRU STMT 60 SETS UP ISWSR(L,N)
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DO 60 15.,NSG

IX-IS

I-LSN+IS
C IEND IS THE VALUE OF THE FLOOR I INDEX BELOW THE RIGHT EDGE OF A SEAT
C GROUP. IF THE DISTANCE BETWEEN THE SEAT RIGHT EDGE AND THE RIGHT SIDE-
C WALL IS > 2 ELMNTS DO NOT INCLUDE THIS SEAT IN ISWSR

IEND-2.0*SGWD(IS)4TOL
IEND-IONE(IS)+IEND
IF((IMAX()-IEND).GT 2)GO TO 60
JIJONE(IS)+I

J2-JONE(IS)+3
JJ-22

C LOOP THRU STMT 50 SETS UP ISWSR(L,1) AND ISWSR(L 2) FOR SEAT CUSHION
C ELMNTS. SUBSCR L DETERMINED BY POSITION OF SEAT WRT SIDEWALL J INDEX.

DO 50 J-Jl,J2
J4,-'J- 1
ISWSR(J,1)IX
ISWSR(J, 2)-JJ

50 CONTINUE
L-42+1
ISWSR(LI)IX

C LOOP THRU STMT 55 SETS UP ISWSR(L,2) THRU (L, S FOR SEAT BACK ELMNTS
C SUBSCR L DETERMINED BY POSITION OF SEAT WRT SIDEWALL. INDEX.

DO 55 Na2,8

55 ISWSR(L,N)-JJ
60 CONTINUE

C LOOP THRU STMT 75 SETS UP ISWSL(LN)
DO 75 IS-INSQ
IX-IS

I LSN+IS
C IF THE LEFT EDGE OF THE SEAT GROUP IS GREATER THAN 2 ELMNTS FROM THE
C LEFT SIDEWALL, DO NOT INCLUDE THIS SEAT IN ISWSL.

IF(IONE(IS).GT.2)GO TO 75

JI1,JONE(IS)+I
J2 JONE(IS)+3
J=J22

C LOOP THRU STMT 65 SETS UP ISWSL(L,1) AND (L,2) FOR SEAT CUSHION ELMNTS
C SUBSCR L DETERMINED BY POSITION OF SEAT WRT SIDEWALL J INDEX.

DO 65 JdJl,J2
.dJ.JJ- 1

XSWSLJ ,1)-IX
ISWSL(J. 2)-JJ

65 CONTINUE
L-J2+1
ISWSL(L, I)UIX
-'-4

C LOOP THRU STMT 70 SETS UP ISWSL(L,2) THRU (L.8) FOR SEAT BACK ELMNTS
C SUBSCR L DETERMINED BY POSITION OF SEAT WRT SIDEWALL J INDEX

DO 70 Nw2,6
j.jm..k)+ 1

70 ISWSL(LN).J

75 CONTINUE
C THE NEXT 35 STMTS (THRU STMT 115) SET UP THE 4 ARRAYS ISSWLI. ISSWLJ-
C ISSWRI. AND ISSWRJ. FIRST LOAD THEM WITH ZERO.

00 65 IS-1, 9
DO 0O Jl. 10
ISSWRI(IS, J)uO
ISSWRJ(IS, J)-O
ISSWLI(IS.J)-O
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SO ISSWLJ( IS. J),,O
85 CONTINUE

C LOOP OVER THE NUMBER OF SEAT GROUPS, NSG. IEND IS AGAIN THE MAXIMUM
C RIGHT FLOOR I INDEX OVER WHICH SEAT GROUP IS STANDS. THE SEAT MUST BE
C WITHIN 2 ELMNTS OF THE RT SIDEWALL TO BE INCLUDED IN ISSWRI AND ISSWRJ

DO 115 ISmlNSG
IEND,2. 0*SGWD( IS)+TOL
IEND-IONE(IS)+IEND
IF((IMAX(1)-IEND).GT.2)GO TO 100
IXJONE( IS)

C LOAD THE J1 TO j-4 MEMBERS OF ISSWRI AND ISSWRJ WITH VALUES OF RIGHT
C SIDEWALL INDICES.

DO 90 J,.4
IX-IX,!
ISSWRI (IS, .J)"IFIRR

90 ISSWRJ(IS, J)-IX
C LOAD THE Ji5 TO Ji10 MEMBERS OF ISSWRI AND ISSWRJ WITH VALUES OF RIGHT
C SIDEWALL INDICES.

I X-,JONE (IS) 4

IY-ILSTR"
DO 95 ,J"5. 10
IYIY-1
ISSWRI (IS,J)lIY

95 ISSWR,J( IS, J)IX
C LOAD THE J-1 TO J-4 MEMBERS OF ISSWLI AND ISSWLJ WITH VALUES OF LEFT
C SIDEWALL INDICES.
100 IF(IONE(IS). GT.2)G0 TO 115

IX-JONE( IS)
DO 105 J-n1.4
IX"IX I
ISSWLI (IS, J)ILSTL

105 ISSWL.J(ISJ)"IX
IX-JONE( IS)+4

IY-IFIRL-1
C LOAD THE J-5 TO J-10 MEMBERS OF ISSWLI AND ISSWLJ WITH VALUES OF LEFT
C SIDEWALL INDICES.

DO 110 J-5o10
IY.IY,1
IS1WLI CIS. J)"IY

110 ISSWLJ(IS.J)-IX
115 CONTINUE

C THE NEXT U STMTS COMPUTE THE MINIMUM DISTANCE FROM THE CABIN FLOOR TO
C THE CEILING, FHMIN. FT. IF A HAT RACK IS PRESENT FHMIN = FLOOR TO HAT
C RACK DISTANCE.

IF(NPROJ. EQ.0)GO TO 117
FHMIN-Z( IPJLL)
GO TO 120

117 FHMIN-Z(ICLL)
I21ICLL-1
DO 119 I-ICLR.12
IF(Z(I).GTO. .AND. Z(I).LT.FHMIN)FHMINZ(I)

119 CONTINUE
C THE NEXT 19 STMTS COMPUTE THE MINIMUM DISTANCE, XMN. AND MAXIMUM
C DISTANCE, XMX. OF A LINING SURFACE FROM THE FLOOR HORIZONTAL SURFACES
C (THOUE PARALLEL TO THE FLOOR) WILL HAVE XMN-XMX AND THE FLOOR (SURF 1)
C WILL HAVE XMN - XMX a 0. NOTE THAT BETTER VARIABLE NAMES WOULD BE

C ZMX AND ZMN. VALUES ARE IN FT
120 XMN(1),O

XMX( 1 )mo.
DO 129 1m2,LSN

C WHEN THlE Z-COMPONENT OF THE SURF NORMAL, VN(I,3). IS ZERO SURF I IS
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C VERTICAL SO XMN IS NOT - XMX
IF(VN(1,3) EQ. 0. ) GO TO 121

C HORIZONTA. SURFACE, XMX - XMN a Z, THE SURFACE DISPLACEMENT,
XMN( I )Z ()
XMX(I).Z(I)
GO TO 129

C TEST TO FIND IF THIS 1S A RIGHT FACING VERT- SURF, VN(I.1) > 0.

121 ZF(VN(I, 1). GT. 0. ) GO TO 123
C LEFT FACING VERTICAL SURFACE, VN(I.1) < 0.

XMN( ) XMX( I-1)
TEMP-IMAX( 1)-IMINC I )+1
TEMP-TEMP/2.0
XMX( I )-XMN( I )TEMP
GO TO 129

C RIGHT FACING VERTICAL SURFACE.
123 XMX(i)-XMN(I-1)

TEMP-IMAX( )-IMIN( I )+1
TEMP-TEMP/2. 0
XM( I ),XMX( )-TEMP

129 CONTINUE
C LOWEST EDGE OF THE LAST LINING SURFACE, I-LSN, MEETS THE FLOOR
C S0 XMN(LSN) - 0.

XMN(LSN )O.
RETURN
END
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SUBROUTINE RDIGTN

C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
C OBJECTIVE(S)
C (1) READ IN DATA DESCRIBING THE IGNITION SOURCE FIRE.
C (2) INITIALIZE VARIABLES CONCERNED WITH THE IGNITION SOURCE.
C COMMENTS
C (1) A LIMITED CAPABILITY TO SET LINING SURFACE ELMNTS TO AN INERT
C STATE BY INITIALIZING THEM TO STATE 4 IS INCLUDED.

COMM~ON/CNTRL/DELTAT. OELTSP, ECOFLO. IDELT. IDENT(20), IDTPRY. IPEMS,
I IPSPR. IPAUX. IRATIO. ISAYL ISCALE. ITFIN. ITIME. ITIM2,
2 ITSPRD.N4PASS.TF!NAL. IDDUOI.EPSLN.MAXITR.MAXCUT.
3 .CBSKP
COMMON/FIRES/AFM(7),ASM(7). ISTATE:12o.15'. ISTATS(9.16.22),

1 IWORD(120,I5),IWORDS(916.22LNFLM(7).NPYR'7),
2 RGS(I0,7).RSS(7),TQTGASc1O.,TOTSEM.TRGF(IO).
3 TRGS(IO),TRSF,TRSS,NCE(30).VITNR,TOTVIT,RADFIR(30).
4 ACMC7).AF(30),AFI.AEXPCOMB(30).DOK.FLL30),FSNI.
5 FSN2,FSN3,GAMMA(30). IBURN. IF(600). IGMNI. IGMNJ. IGMXI,
6 IGMXJ.IGNFIRIGNIJ(2,100. IGSNISFtRE(30),IVMAX(3,
7 IVMIN(30). IVMN. IVMX. IXFIRE. IZONE(30),.JVMAX(3O).
a -VMIN(30)..JVPN.J)VMX.K,NFE(30).NIRES,NIJCN,JS.
9 NPE(30),NSPLC7).ONEGA(30)-PDH.PIGN.RF(20,4),RFS(7,4).
1 RFWSROF(IO.7),RGFK(I10,RHOZ3),RSF7).RSFK.TD.
2 TBURNI,UZ(30),YZ(30),ZB(30),RHOFEFG,CHIEFO(11.
3 FLOWIN. FLWOUT. TEFG. IFRYNT, GENRAT(11).*TIDGMTL(7),
4 TP(7).TPC(7)
COMMON/GASES/CHILC 11. 5),CHIUC 11. 5). CP, NOAS( 11), NSPCS. PAMS. PFCS5)I
I RHOAM.RHOL(5),RHOU(5,.TAM,TL5,TU(5).VOLL(5),
2 VOLU(5),ZD(5).XTHEN(120).WMLEC11).TWO:101).
3 JCOR(120)
COMMON/GMTRY/IMATL(20), IMATS(7). IMTLP(4). IMAX(30). IMIN(30)I
I IRAYC11b),IRAYS(22),JMAX(30).JMXN(30),LSN.MAXELI,NS.
.2 CH,CL(4).CW.DWS.HSTSIARX(40,15).IARY4.12).ICL.,
3 ICLR. lEND. IFIRL. IFIRR, ILSTL. ILSTR. IONE(9),
4 ISUWLI(9. 10). ISSWLJ(9. 10). ISSWRI(9,1OhISSWRJ(9.10).
5 ISWSL(15ff). ISWSR(I5,9). ISTART.NPROJ. IP.JUL. IPJLL,
6 IP.JUR. IPJLR. AND. JONEC9).JSTART. N.JS. NSG. NV, SGWD(9).
7 SL.9WD(20),VN(20,3),VENTH(24),VENTW(24).VENTT(24).
a XMN(30),XMX(30).XCOR(9).YCOR(9),ZC30).SSGWD.TVSG,
9 HTl.HT2.HT3.HT4(1O).NSSTS.SLSW.SX(30),SZ(30).
I CNCTNS(24i.NCOPSIFRCMPFLOW(24,INTO)24).VTOTAL(4),
2 FHMIN
COMMON/MATLS/TABX(13,7, 6. TADYC 19.7.6). NTXG. FOXI. RADTAE(7). RADI.
I FOX(7),NMATLS.DOI.DOM(7),GAMIGTADC7).ITF(20),IRAMPT,
2 ITFC(20),ITFCS(7).ITFS(7),ITP(20).rTPC(20),ITPCS(7),
3 ITPE(20). ITPES(7). ITPS(7).GCIGP(7),OTAB(7).RHOI,
4 RHOM(7),RSIRTA(7).RTGIIO0).UTAB7).CNDCTY(7,XMUI,
5 XMFI. TKNS(7).TSL(30.2, 4), TSP(2,2,4),CPM(7), WMMTL(7).
6 WMIGF.TKNSINC7)
COMMON/PARAMS/GRAY. P1. TR. RGAS. SIGMA. SOD. THOU. TOL, EC. EP
COMMON/RADTN/ALPC. ABSCF(30). ED. C(2)

C READ CARD TYPE 37. IGNITION FUEL CHARACTERISTICS AND AMOUNT.
READ(5.2) GCI.GAMIWMIGP.RHOI.XMUIRADI.XMFI

C READ CARD TYPE 38, IGNITION FUEL HEAT RELEASE RATE. RAMP-IN TIME.
READ(5.2) OOI.RAMPT

C READ CARD TYPE 39. IGNITION FUEL SMOK~E AND GAS PRODUCTION RATES
READ(5.2) RU!. (RTOI(I), I-1,NTXG)

C CONVERT GAS PRODUCTION RATES FROM MICROLBM/(FT*FT*S) TO LBM/(FT*FT*S)
DO 9 M-I.lNTXG

9 RTGI(M)-RTGI(M).1.E-6
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C READ CARD TYPE 40, INGITION SURFACE NUMBER
READ(5, I) IGSN

2 FORMAT(SF10. 1)

C READ CARD TYPE 41, NUMBER OF ION ELMNTS AND ION FIRE BASE PERIMETER.
READ(5.4) NIJSQ,PIGN

4 FORMAT(15.FIO. 1)

1 FORMAT(215)
C SET THE FLAG IBURN TO 1 TO SHOW THAT THE ION FIRE IS BURNING. COMPUTE
C THE TOTAL BASE AREA OF THE FIRE, AFI; AND THE BURNING TIME, TSURNI. IN
C SECONDS.

IBURN-1
AFI NIJSG*SQD*SGD
IRAMPT - 1000. * RAMPT
TBURNI a 0.5 * RAMPT + XMFI / (AFI * RHOI * XMUI)

C SET THE NUMBER OF FLAMING ELMNTS ON THE ION SURF TO THE NUMBER OF ION

C FIRE ELMNTS. SET ITFCP FOR LATER PACKING, AND COMPUTE THE OXYGEN

C CONSUMPTION FACTOR FOR THE ION FIRE. ADJUST THE GROSS HEAT OF COMBUS-

C TION OF THE ION SRC FUEL BY THE RADIATION LOSS FACTOR.
NFE(IGSN)-NIJSQ
ITFCP-TBURNI+.00001
FOXI-QCI/GAMI

OCIaQCI*(I.-RADI)
C
C COMMPUTE THE INITIAL RATES OF HEAT, SMOKE, AND GAS GENERATION AND

C OXYGEN CONSUMPTION FOR THE IGNITION SOURCE FIRE
C

FCTR - 1. / ( 1. + RAMPT / DELTAT

DOI a FCTR * DOI
RSI - FCTR * RSI

DO 3 M I , NTXG
3 RTGI(M) RTOI(M) * FCTR

FOXI - FOXI * FCTR

C
C THE NEXT 9 STMTS SET UP THE ISTATE OR ISTATS ARRAY MEMBERS FOR ION SRC
C ELEMENTS AFTER THE I AND J INDICES OF EACH ELEMENT IS READ.

DO 10 KKII.NI.JSG
C READ CARD TYPE 42, ION SRC FIRE ELEMENT I AND J INDICES. THESE
C INDICES ARE STORED IN THE ARRAY IGNIJ FOR LATER USE.

READ(5rl-? (IGNIJ(IKK),Iulo2)
II-INIJ(I, KK)
JJIIGNIJ(2. KK)

C IF THE IGNITION SURFACE IS A SEAT, GO TO STMT 5 TO SET UP ISTATS.
IF(IGSN.GT.LSN) GO TO 5

C IGNITION SURFACE IS A LINING SURFACE, SET UP ISTATE FOR THIS I AND J.
ISTATE(II,JJ)-ITFCP*100+33
GO TO 10

5 IS-IGSN-LSN
ISTATS(IS. II,. .J)ITFCP*100+33

10 CONTINUE
C THE NEXT 10 STMTS SCAN THE ARRAY IGNIJ TO FIND THE MAXIMUM AND MINIMUM
C VALUES OF THE ION SRC ELMNT I AND J VALUES AND SAVE THEM IN THE

C VARIABLES IGMNI, ETC. THESE ARE USED LATER TO ISOLATE THE ION SRC.
IGMNI200

IGMXI-
IGMNJ-200

IMXJN-1
DO 15 KK-I.NIJSQ
IF(IQNtJ(1.KK).T. IGMNl) IPMaQI(.

IF(IGNIJ(I.AK).GT. IGMXI) IGMXI*IGNIJ(I,KK)
IF(IGNZJ(2,KK) LT IGMNj) IGMNJIGNIJ(2,KK)
IF(IGNIJ(2.KK) GT IGMX.). IGMXJaIGNIJ(2,KK)
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15 CONTINUE
C READ CARD TYPE 43, NUMBER OF ELMNTS TO BE SET TO CHARRED (INERT) STATE

READ(5.1) NIJC
IF(NIJC. EQ.0) GO TO 30

DO 20 KK-1,NIJC
C READ CARD TYPE 44. I AND J INDICES OF CHARRED ELEMENTS

READ(5, l)I,J

C FIND THE SURFACE ON WHICH THIS ELMNT LIES AND INCREASE NCE, THEN

C SET THE VALUE OF ISTATE(IJ) TO INDICATE THIS ELMNT IS INERT.

II-IRAY(I)
NCE(II)-NCE(II)+l
CALL CVOUT(IJ 1,IST, ISTP, ITFCP)

ISTATE(I°J)-44
20 CONTINUE

C
30 CONTINUE

C
C READ CARD TYPE 45, VENT NUMBER AT WHICH THERE IS AN EXTERIOR FIRE

C IF THERE IS NO SUCH FIRE, RETURN
C

READ(5,1) IFRVNT

IF(IFRVNT .EG. 0) RETURN

C
C READ CARD TYPE 46. DESCRIPTION OF FIRE GASES AND FLOW RATES

C
READ(5,35) RHOEFG, TEFO, FLOWIN, FLWOUT

35 FORMAT(8F10. 1)

C
C READ CARD TYPE 47, COMPOSITION OF EXTERIOR FIRE GASES

READ(5,35) (CHIEFG(N),Nl1,NSPCS)
C

RETURN
END
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SUBROUTINE ECHO
C-
C -- - -- - -- - -- - ---E- - ---T- - -- - -- - -- - -- - -- - -- -
C (O)JECOINV TDAAEO(RSRCEC)G
C CO)MENTSNUTDT ORERRCHCIG
C COMMECTS -0RSUT NARTRNWT NYTTL N AE
C ( R)TED.L"-0RSLSI EUN IHOL IL N AEI
C PR)INOTEWIESDSAE.LFEPAIOY OPW OWET AEBE
C ADDE FOT RIT TM.SAESL-XLNT ,SOFWCMET AEBE
C------------------------------------------------------
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

COMNCTLOLA.DLS.EOL.IET DN 0,ITRIES
1 IPSPR. IPAUX. IRATID. COFLGIAE. ,ICEN TFI). ITIME. ITIMS.

2ITSPRD. NPASS. TFINAL. IDBUQ1. EPSLN, MAXITR, MAXCUT,
3 JCISKP
COMMON/FIRES/AFM(7).ASM(7). ISTATECI2O. 15). ISTATS(9, 16.22).

I IWORD(120.15),IWORDS(9,16,22),NFLM(7),NPYR(7),
2 RQS(10.7,RSS(7),TTGAS(10.TTSEMTRGF(:10.
3 TRGSC1O),TRSFTRSS,NCE(30),VITNRTOTVIT,RADFIR(30).
4 ACM(7),AF(30OhAFI,AEXP.COM(30),DGK,FLML(30),FSN1.
5 FSN2,.FSN3,GAMMA(30).IBURN,IF(6OO),IGMNIIMNJ.IGMXI.
6 IOMX, XNFIR. IQNI.JC2. 100), IGSN. ISFIRE(30). IVMAX(30),
7 IVMIN(30).IVMN,IVMXIXFIRE, IZONE(30),JVMAX(30).
8 %JMN3),VNJM,.FE3)NIE.ICNJ
9 NPE(30),NSFL(7).OMEGA(30),PDH.PIGN.RF(20,4),RFS(7,4),
I RFWS.RGF(10,7).RGFK(I0),RHOZ(30),RSF(7).RSFK.TD.
2 TBURNIUZ(30),YZ(30),ZB(30),RHOEFG,CHIEFG11I),
3 FLOWIN, FLWOUT. TEFO. IFRVNT. CENRAT(11 ).TDQMTL(7).
4 TP(7).TPC(7)
COMMON/GASES/CHIL(11, 5).CHIU(I11,5),CP.NQAS(11),NSPCS.PAIB,PF(5)I
I RHOAMRHOL(5)RHOU(5).TAM.TLS)TU(5),VOLL(5),
2 VOLU(5).ZD(5hXTHEN(120).WMOLEC(11),TWOC101.,
3 JCOR(120)
COMtION/GMTRY/IMATL(20). IMATS(7).IMTLPC4).IMAX(30).IMIN(30),

I IRAY(116).IRAYS(22).,JMAX(30),JMIN(30).LSN.MAXELI.NS,
2 C1,CL(4),CW,DWSHSTS,IARX(40,15),IARY(40,12),XCLL,
3 ICLR, lEND. IFIRL. IFIRR. ILSTL. ILSTR. IONE(9),
4 ISSWLI(9. 10). ISSWLJ(9. 10). ISSWRI(9, 10). ISSWRJ(9. 10).

5 ISWSL(15. U).ISWSR(15. 8), ISTART. NPRO.,J.IPJCL. IPJLL,
& IPJUR. IPJLR,JEND, JONE(9). JSTART NJS. NSG, NV. SOWD(9)I
7 SL.SWD(20),VN(20,3),VENTH(24).VENTW(24),VENTT(24),
8 XMN(30),XMX(3OhXCOR(9),YCOR(9).Z(30).SSOW,TVSG,
9 HT.,HT2,HT3,HT4C10L.NSSTS,SLSW.SX(30).SZ(30),
1 CNCTNS(24),NCOPIPS,IFRCMP,FLOW(24),INTO(24).VTOTAL(4),
2 FHMIN
COI9ION/MATLS/TABX( 18, 7.8). TABYC 18.7.6). NTXG, FOXI. RADTAB(7). RADI,
I FOX(7),NMATLS,DGI,DQM(7),OAMIGTAB(7),ITF(20),IRAMPT,
2 ITFC(20),ITFCS(7),ITFS(7),ITP(20)bITPC(20),ITPCS(7),
3 ITrE(20), ITPES7),ITPS(7',OCIOGP(7),OTAB(7).RHOI,
4 RHCM(7).RSI,RTAB(7),RTGI(10),UTAB(7),CNDCTY(7), XMUI.
5 XMP'I.TKNS(7). TSL(3O. 2,4). TSP(2. 2.4). CPM(7). WMMTL(7),

4 WMZGF,TKNSIN(7)
COMPION/PARAMS/GRAV, P1. TR. ROAS. SIGMA. SOD. THOU. TOL. EC. EP

COPIMON/RADTN/ALPC, ADSCFP3O).EU. OC(2)
INTEGER ECOFLG

C
C WRITE THE RUN ID
C

WRITE(6. B) IDENTCM), M1, 20)
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a FORMATh 1HI//45X, l4HPROGRA1 DACFIR, 5X. 2HVERSION 3. 0--i APR 81 //33
IX. 61ICOMPUTER SIMUJLATION OF FIRE WITHIN A TRANSPORT AIRCRAFT CABIN
2//26X. 1I.HDATA CASE:,5X. 20A4)
IF(ECOFLG. LE. 0)RETURN

C WRITE TH~E TIME AND NUMERICS CONTROL DATA
C

WRITE(6. 10) DELTAT. TFINAL,EPSLN,MAXITR,MAXCUT, JCBSKP. IRATIO, ISCALE
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10 FORMAT(!/I51X,2HINPUT SUMMARY ( ECOFLG = i)/2X,2OHPROGRAM CONTROL
*DATA//3X,1SHTIME STEP (SEC) = .F7 3o2X,18HSTOP TIME (SEC) = F8.3,

*2Xo 18HCONV. TOLERANCE FB. 6,2X, 17HMAX ITERATIONS = l3,2X, 19HMAX
* STEP CUT LVL = ,I3//3X,22HJACOBIAN SKIP CNTRL ,12,2X,34HPASS RA
*TIC FOR FLAME SPRD CALCS = I5.2X,26HSCALE FACTOR EVAL CNTRL =
*15)

C

C WRITE OUTPUT CONTROL DATA.
C

IIPEMS - IPEMS / 1000
IIPSPR - IPSPR / 1000
ZIPAUX - IPAUX / 1000
WRITE(6. 11) IIPEMS, IIPSPRIIPAUX

11 FORMAT(/3X,36HCABIN ATMS DATA PRNT INTRVL (SEC) - I3,2X.36HFLAME
*SPRD DATA PRNT INTRVL (SEC) - ,I5,2X.35HAUXILLARY DATA PRNT INTRVL
• (SEC) a .15)

C
C WRITE'THE CABIN HEIGHT, WIDTH, NUMBER OF COMPARTMENTS, AND COMP. NO.
C FOR ANY INTERIOR FIRES.
C

WRITE(6, 12) CH. CW, NCOMPS. IFRCMP
12 FORMAT(/2X,19HCABIN GEOMETRY DATA//3X,29HMAX HEIGHT AT CEILING (FT

*) a ,F6. 1o2X,22HWIDTH AT FLOOR (FT) = ,F6. 1,2X,25HNUMBER OF COMPAR
*TMENTS - 12,2X 19HFIRE COMPARTMENT = 12)

C

C WRITE THE COMPARTMENT LENGTH(S)
C

WRITE(6,13) (ICL(I),I=INCOMPS)
13 FORMAT(/3X.26HCOMPARTMENT LENGTH(S) (FT),

*4(9H NO - 1 12,7H LTH = .F5. 1))
C
C WRITE THE NUMBER OF SURFACES, NUMBER OF SEAT GROUPS, AND CEILING DEFN.

C
WRITE(6, 14) LSNNSG, ICLL ICLR

14 FORMAT(/3X,25HNUMBER LINING SURFACES - 1 13,3X.21HNUMBER SEAT GROUP
*S ,13,3X,23HLEFT CEILING SURFACE - ,12,3X,24HRIGHT CEILING SURFA
*CE .. 12)

C
C WRITE THE LINING SURFACE DESCRIPTIONS.
C

WRITE(6,15)
15 FORMAT(/3X.191LINING SURFACE DATA//5X.IOHSRF NUMBER,3X,IOHWIDTH (F

•T),3X, 13HDWPLCMNT (FT).3X, 19HNORMAL VCTR (I.J,K),3X, 18HMATERIAL TY

*PE CODE/)

DO lb Irn,LSN

16 WRITE(6,17) I,SWD(1),Z(I),(VNCI,J),J-1,3),IMATL(I)
17 FORMAT(9X. I2, IIX, F5. 1,9X. F5. 1, SX, F6.3, lX, F6.3.1X. F6.3, lOX. I2)

C
C WRITE THE SEAT GROUP DATA
C

WRITE(b, 18)
1 FORMAT(IHl///3X,15HSEAT GROUP DATA//4X.25HGROUP NUMBER WIDTH (FT

*),3X,35HCORNER POINT COORDINATES (X,Y) (FT)/)

C
DO 19 I=INSG

19 WRITE(6,20)ISGWD(I),XCOR(I),YCOR(I)
20 FORMAT(9X. 12. lOX. F5. 1. 17X.F5. 1.3x. FS. 1)

C
C WRITE THE SEAT SURFACES MATERIAL CODES
C
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WRITE_ 21 -IA I -=1-7

21 FOMA 14X,45HSEAT SURFACE MATERIAL CODES SURF/CODE I / 12,7H
*2 / 12,7H 3 / I.-,7H 4 / ,12,77H 5 / -12,7H 6 / *12,7H
*7 /12)

C
C WRITE THE SEAT-TO-SIDEWALL SPREAD PARAMETERS AND PARTN MATL CODES,

C AND NUMBER OF VENTS.
C

WRITE(6,22) DWS.RFWS. (IMTLP(I),I-1,NCOMPS),NV
22 FORMAT(/3X.S1HSEAT-TO-SIDEWALL SPREAD PARAMETERS DISTANCE (FT)=

*F5. 1.2X.16HRATE (FT/SEC) - .F5. 1//3X,42HPARTITION MATERIAL CODES C
*OMP/CODE 1 / 1I2,7H 2 / .12,7H 3 / 1I2.7H 4 1 .2//3X,
*53HVENT DATA NUMBER OF VENTS (TOTAL ALL COMPARTMENTS) =,13)

C
C WRITE THE DATA FOR EACH VENT

C
WRITE(6. 23)

23 FORMAT(/4X,11HVENT NUMBER,2X.29HCONNECTS CMPRTMNT TO CMPRTMNT,2X.
*SHTOP (FT),2X.I1HHEIGHT (FT)..2X.1OHWIDTH (FT),2X.I4HSET FLOW (CFM)

*.2X,2OHINTO CMPRTMNT NUMBER/)
C

DO 24 K-1,NV
II - CNCTNS(K) /10.
12 - CNCTNS(K) -l * 10

24 WRITE(6,25) K,11,1 2,VENTT(K).VENTH(K),VENTW(K),FLOW(K),INTO(K)
25 FORMAT (X, 12, ISX, 12, 1OX- 12, 7X, F5. 1, 5X. F5. 1, SX, F5. 1. 7X. FS. 2,

*15X. 12)
C
C START A NEW PAGE AND WRITE THE NUMBER OF MATLS AND TRACE GASES
C

WRITE(6. 26)NMATLS. NTXG

2b FORPAT(lII/2X.14HMATERIALS DATA//3X.22HNUMBER OF MATERIALS=
*12.3X,30HNUMBER OF TRACE GAS SPECIES - ,12//3X,11HGAS SPECIES,
*6X. 6HSYMBOL. SX.16HMOLECULAR WEIGHT)

C
C WRITE GAS SPECIES AND MOLECULAR WEIGHTS
C

WRITE( 6.27) (I, NOASCI). WMOLEC (I). I=1.NSPCS)
27 FORMAT(/SX, 12. 4X. A4, 9X F8. 3)

C
C WRITE COMBUSTION PARAMETERS
C

WRITE(6. 29)
29 FORMAT( /3X. 21HCOMBUST ION PARAi .ITERS//4X, 4MMATL, 2X.

*I9HHEAT OF COMBUSTION.2X.21HSTOICH OXY/FUEL RATIO.
*2X,9HMO3LEC WGT. 2X. 1SHPYROLYZATE DENSITY. 2X.
*19HPYROLYZATE VELOCITY, 2X.17HRADIATED FRACTION/13X.
*9H(BTU/LBM),46X,11H(LBM/CU FT). lOX.8H(FT/SEC))

C
WRITE(6,29)(I,QITAB(1),GTAB(I),W'MTL(I),RTAB(I),UTABCI).RADTAB(I),

4 I11NMATLS)
29 FORMAT(/5X, 12, 4X,F1O. 3. 14X, FS. 3. 11 XF7. 3,7XF. 5,I2XFS. 3,12X,

*F8. 5)
C
C WRITE SMOLDERING STATE DATA
C

NXX a 5 + NTXG
WRITE(6.3Q)(NQAS(I) I=6.NXX)

30 FORMAT (/3X. 21HSMOLDERING STATE DATA//4X, 4HMATL, 2X. 12HSMLOG TRSHLD,
*2X. 16HTRNSTN TO SMLDRG. 2X. I4HTRNSTN TO CHRO. 2X. 14HSMK PRODN RATE,
*9X. 36HGAS PRODUCTION RATES (LBM/SQ FT-SEC) .'9X. ISH(BTU/SG FT-SEC),
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*5X.5H (SEC),13 X,5H (SEC 8 X. 1OH (PAR T /SEC5 ( 7 X, A4)
C

DO 31 I11,NMATLS
31 WRITE(6.32)I,QPd),TP),TPC),RSSU.),RGS(IG,U,IG-1,NTXG)
32 FORMAT 5X~t2.4XF8.3.8X,F8.31X,F.3,7X,F9.36X,5EIO.4,1X)
C
C WRITE FLAMING STATE DATA - ORDER IS (1) HORIZONTAL FLAME SPREAD RATE,
C (2) UPWARD FLAME SPREAD RATE, (3) DOWNWARD FLAME SPREAD RATE,
C (4) TIME TO IGNITE, (5) HEAT RELEASE RATE, (6) SMOKE RELEASE RATE,
C (7) SMOLDERING LAG TIME, (8) TIME TO BURN OUT, (9) RELEASE RATE OF
C THE FIRST TRACE GAS, (10) RELEASE RATE OF THE SECOND TRACE GAS-.
C (13) RELEASE RATE OF THE FIFTH TRACE GAS. START ON NEW PAGE
C

WRITE(6, 33)
33 FORMAT(1//3X.IIHFLAMING STATE DATA. 4X. 27HALL FLUXES IN STU/So FT

*-SEC//4X,47HHORIZONTAL FLAME SPREAD RATE - VALUES IN FT/SEC)
WRITE(6. 34)

34 FORMAT /5X. 4HMATL. 2X. 6(4HFLUX. 4X, 5HVALUE. 6X))
WRITE(6, 35) CI. (TABX(1.IIIX). TABY( 1.I, IX) IX-1, 6). I-i.NMATLS)

35 FORMAT(/5X. 12.3X. F6. 2.2X, Fl. 4.3X, F6. 2.2X.Fe. 4.3X.F6. 2.2X F8. 4.
* ~~3X. F6. 2.2X. F8. 4.3X, F6.2. 2X. Fl. 4.3X.F6. 2.2X Fl. 4)

C
WRITE(6. 36)

36 FORMAT(/4X,43HUPWARD FLAME SPREAD RATE - VALUES IN FT/SEC)
WRITE(6. 34)
WRITE(6,35)(I. (TABX(2,1,IX),TAIY(2.I,IX),1X-1.6),I-1,NMATLS)

C
WRITE(6. 37)

37 FORMAT(/4X.45HDOWNWARD FLAME SPREAD RATE - VALUES IN FT/SEC)
WRITE(6, 34)
WRITE(6.35)(I.(TABX(3,1,IX).TASY(3.X.IX).IX-1.6).'=1,NMATLS)

C
WRITE(6. 39)

39 FORMAT(/4X.34HTI1E TO IGNITE - VALUES IN SECONDS)
WRITE(4. 34)
WRITE(6. 35) (I. (TABX(4, I.IX). TABY(4. I.IX) IX-1, 6). 1=1,NMATLS)

C
WRITEC6, 39)

39 FORMAT(/4X.43HHEAT RELEASE RATE - VALUES IN BTU/SO FT-SEC)
WRITE(6. 341
WRITE(6,35)(I. (TABX(5,I,IX),TABY(5,1,IX),IX-1,6),I-1,NMATLS)

C
WRITE(6. 40)

40 FORMAT(/4X.50HSMOXE RELEASE RATE - VALUES IN PARTICLES/SQ FT-SEC)
WRITE(6. 34)
WRITE(6, 35) ( I.(TABX (4. I.IX). TABY (6,1I.IX), IXal.6). lal.NMATLS)

C
WRITE(6, 41)

41 FORMATU/4X.39HSMOLDERING LAG TIME - VALUES IN SECONDS)
WRITE(6, 34)
WRITE(6.33)(I.(TABX('. I,IX),TABY(7,1,IX),IX-1,6),I1I,NMATLS)

C
WRITE (6. 42)

42 FORMAT(/4X.36HTIME TO BURN OUT - VALUES IN SECONDS)
WRITE(6. 34)
WRITE(6. 35) (I. (TABX (I .IX). TABY(l. I.IX). IX-1. 6). 1=1,NMATLS)

C
NXV - 8 NTXG
DO 46 J a 9.NXY

JJ -. ,. - 3
WRITE(6. 43) NGAS(JJJ)
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43 FORMAT(/4Xi6HRELEASE RATE OF .A4,26H- - VALUES IN LBM/SO FT-SEC)
WRXTE(6. 44)

44 FORMAT(/5X. 4HMATL, IX, 6C4HFLUX, 5X, SHVALUE. 6X))
WRITE(6,45)(I,(TABXCJJ.I,IX),TABYCJJ,I,IX),IXi1,6),I-1,NMATLS)

45 FORMATC/5X,I2,2X,F6.2,iX,Eii.4.2X.F6.2.iX.Eii.4.2X.F6.2,iX.Eii.4,
*2X,F6. 2,IXEii. 4,2X,F6.2,IX, Ell.4,2X.F6. 2,IX,Eii. 4)

46 CONTINUE
C
C WRITE BULK THERMAL PROPERTIES OF MATERIALS
C

WRITEC6. 47)
47 FORMATC /3X, 3IHTHERMAL PROPERTIES OF MATERIALS//

*4X. 4HMATL. 3X. I3HHEAT CAPACITY. 5X, 1XHAVG DENSITY, SX.14HLINING SURFA

*CE. 3X, 13HTHERML CONDCT. 5X. lOHINSULATION/12X. iiHCBTU/LBM*R), 5X,
*14HLBM/(FT*FT*FT), 3X. I3HTHICKNSS (FT). 4X, i4HBTU/CFT-SEC-R), 3X,
*13HTHICKNSS (FT))

C
WRITE(6. 48) CM. CPM(M). RHOMCM). TKNS(M). CNDCTYCM). TKNSIN(M)-

* H-1.NMATLS)
48 FORMAT(7C/5X.I2,5(4XEi3.6)))

C
C WRITE AMBIENT TEMPERATURE AND PRESSURE
C

WRITE(b. 49)TAM. PAMB
49 FORMAT(/i6X,26HAMBIENT TEMPERATURE CR) - ,F10.3, liX.

* 31HAMBIENT PRESSURE CLBF/S0 FT) - ,FIO.3)
C
C WRITE IGNITION FUEL CHARACTERISTICS
C

WRITEC6. 50)OCI. GAMI. WMIGF. RHOI. XMUI. RADI. XMFI
50 FORMATC IHI//3X. 29HIGNITION FUEL CHARACTERISTICS//

*4X.2SHHEAT OF COMBSTN (BTU/LBM) - .FIO.4,ISX,24HSTOICH OXY/FUEL RA

*TIO - .FIO.4//23X.19HMOLECULAR WEIGHT = ,FiO.4.9X,
*33HVAPOR DENSITY CLBM/CFT*FT*FT)) - .FIO.6//4X,38HMASS BURNING RAT
*E CLBMICFT*FT*SEC)) , FIO.7,7X,25HFLAME RADIATION FACTOR
OFIO.4//13X,29HTOTAL AMOUNT OF FUEL (LBM) - *FIO.4)

C
RAMPT - IRAMPT / 1000.
WRITE(6. 51)D011 RAMPT. PSI. CRTGICI). lulNTXG)

51 FORMATCII2X,38HHEAT RELEASE RATE CDTU/CFT*FT*SEC))
*FIO.4,27X.2lHRAMP-IN TIME (SEC) - .FIO.4//4X,38HSMA PROD RATE CPAR

*TCLS/CFT*FT*SEC)) - Ei3. 6//4X. 31HGAS PROD RATE CLBM/CFT4IFT*SEC) )/
*4X. 5CE13. 6.8X))

C
WRITEC6. 52)IGSN.NIJSG. PIGN

52 FORMATC//3Xi6HIGNTN SURF NO - ,12,7X,21HNO OF IGNTN ELMNTS - .13.
*7X.33HIGNTN FIRE BASePERIMETER CFT) - .F10.4)

C
C SHOW THE ION SRC LOCATION THRU THE IGN SRC ELMNT INDICES.
C

WRITEC6,53)CIGNIJ(iK),IGNIJC2,KK).KK-1.NIJSO))
53 FORMAT(I/20X. 34HELEMEMTS AFLAME--- I JIC44X. 12 6X. 12))

C
C WRITE MESSAGE IDENTIFYING SURFACE NUMBERING SEQUENCE.
C
55 WRITEC6.60)ICLR. ICLL.LSNJMAX~i)
60 FORMAT(//20X,79HLOOMING FROM THE FRONT OF THE CABIN TOWARD THE RE

IAR. THE FLOOR IS SURFACE NO i120X.69HTHE LWR RGT SIDEWALL IS SURFA
2CE NO 2. THE RGT SIDE CEILING SURFACE IS *12, 5H, THE/20X, 29HLEFT SI
3DE CEILING SURFACE IS .12.41H, AND THE LWR LEFT SIDEWALL IS SURFACE
4 NO .12//20X.79HTHE ELEMENTSCIN THE I DIRECTION)ARE NUMBERED IN TH
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5E SAME MANNER AS THE SURFACES/20X. 57)4THE FRONT MOST ELEMENT IS J-1
&.THE REAR MOST ELEMENT IS J)-,12)

C
C WRITE SURFACE DESCRIPTIONS BY SURFACE NUMBER.
C

WRITE(6,70)(I,SWD(I),Z(I),(VN(I.J),Jn1,3),IMATL(I),IMIN(I),IMAX(I)
1,XMN(I),XMX(I),I-..LSN)

70 FORMAT(//13X. 1OSHSURFACE DArA(EXCL SEATS)--- SURF NO WIDTH FT
IHGT.FT UNIT NORM MATL TYPE IMIN IMAX XMN XMX/(45X,12.5

C
C WRITE SEAT GROUP IDS, DIMENSIONS, AND LOCATIONS.
C

WRITE(6. 90) (IS. SGWD( IS). XCOR(CIS). YCOR (IS). S19..NSG)
90 FORMAT(IHI/IOX.X7HSEAT GROUP DATA--,29X,BHLOCATION/30X.39HST GRP N

10 WIDTH,FT XCORFT YCOR,FT/(35X. 11.7X,F. l.SXF5. 1,5XIF5. 1))
C
C IDENTIFY MATERIAL OF EACH SEAT GROUP SURFACE, ALL SEAT GROUPS ARE OF
C IDENTICAL CONSTRUCTION.
C

WRITEC6. 90) (IMATS(M). M-I 7)
90 FORMAT(/15X.31HEACH SEAT GROUP HAS 7 SURFACES. .4X.7HSURF NO. 6X.7HS

lURFACE. 4X.9HMATL TYPE/53X. 19HI CUSHION BOTTOM. IX. II/53X. 22H2
2 LWR REAR DACARESTSX,11/53X,22H3 UPR REAR BACKREST. !X. I/53X.2
30H4 TOP OF BACKREST.7XI1/53X,22HS FRONT OF BACKREST. !X.Il/5
43X. 16H6 CUSHION TOP. XI/53X, X9H7 CUSHION FRONT. 9X. IX)

C
C THE NEXT 13 STMTS PRODUCE THE OVERHEAD VIEW OF THE SEAT GROUPS
C SUPERIMPOSED ON THE FLOOR.
C

I 1-IMAX C 1
I 2=CW+TOL
rX-12,'
WRITE(6. 100)

100 FORMATC/15X,83HOVERNEAD VIEW OF SEATS SUPERIMPOSED ON FLOOR(NON-ZE
IRO INTEGER IS SEAT GROUP NUMBER))
DO 115 N-1,12
IX IX -1
WRITE(6, 110) IX. CIARX(L. IX), L-1, i)

110 FORMAT(22X. 12. IX.4011)
115 CONTINUE

WRITE(6. 120)
120 FORMAT(25X. SHFRONT)

WRITE(&. 180)
180 FORMAT(/////XOX.20HEND OF INPUT SUMMARY)

RETURN
END
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SUBROUTINE OUTPUT(IPRl. IPR2. STATS. NDXS)

C------------------------------------
C OBJECTIVE(S)
C (1) OUTPUT OF THE SIMULATION. CABIN ATMOSPHERE AND FLAME SPREAD DATA
C COMMENTS
C (1) THIS SUER CONSISTS OF TWO MAJOR PARTS: STMTS TO NUMBER 40 WHICH

C REPORT THE ATMOSPHERE DATA, AND STMTS AFTER 40 WHICH REPORT THE

C FLAME SPREAD DATA. THESE TWO PARTS MAY BE EXECUTED SEPARATELY AS

C CONTROLLED BY THE FLAGS IPRI AND IPR2. IPRl-O -> PRINT GAS DATA

C AND IPR2-0 => PRINT FLAME SPRD DATA.
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

COMMON/CNTRL/DELTAT. DELTSP, ECOFLG. IDELT. XDENT(20. ZDTPRV. lPEMS,

I IPSPR, IPAUX. IRATIO. ISAVE. ISCALE. ITFIN. ITIME. ITIM2,
2 ITSPRD. NPASS. TFINAL, IDBUGI. EPSLN. MAX ITR. MAXCUT,
3 JCBSKP
COMMON/FZRES/AFM(7),ASM(7). ISTATE(120. 15), ISTATS(9, 16,22).

1 IWORD(120.15).IWORDS(9,16,22),NFLM(7),NPYR(7).
2 RGS(10,7).RSS(7),TOTGAS(I0),TOTSEM,TRGF(1O).
3 TRGS(10),TRSF,TRSS,NCE(30),VITNR,TOTVIT.RADFIR(30).
4 ACM(7),AF(30),AFI,AEXP,COMB(30),DGK,FLML(30),FSNI,
5 FSN2.FSN3.'GAMMA(30). IBURN. 1F(600). IGMNI, IQMNJ, IMXI.

6 IQMXJ,IGNFIR. IGNIJ(2. 100). IGSN, ISFIRE(30), IVMAX(30).

7 IVMIN(30). IVMN. IVMX, IXFIRE. IZONEC3O),.JVMAX(30),
a JVMIN(30).JVMN.JVMX,K,NFE(30),NFIRES,NIJCNIJSC

1 RFWSRGF(10,7),RQFK(O),RHOZ(30),RSF(7),RSFK',TD,
2 TOURNI,UZ(30),YZ(30),ZB(30),RHOEFG,CHIEFG(11),
3 FLOWIN, FLWO]UT. TEFO, IFRYNT. GENRAT(11). TDGMTL(7),
4 TP(7),TPC(7)
COMMON/GASES/CHIL( 11.5). CHIU( 11.5). CP. NGAS( 11).NSPCS. PAME. PF( 5).

I RHOAM,RHOL(5),RHOU(5).TAM.TL(5).TU(5).VLL(5)
2 VOLU(5),ZD(5),XTHEN(120),WMOLEC(11),TWO(101),
3 JCOR(120)
COMMON/GMTRY/IMATL(20). IMATS(7). IMTLP(4). IMAX(30). IMIN(30),
I IRAY(116),IRAYS(22),JMAX(30).JMIN(30).LSN.MAXELI,NS
2 CH,CL(4)..CW,DWS,HSTS,IARX(40,15).IARY(40,12),ICLL,
3 ICLR. lEND. IFIRL. IFIRR. ILSTL, ILSTR, IONE(9).

4 issWiLI(9.10), ISSWLJ(9. 101. SSWRI(9. 10). ISSWR.J(9. 101.

5 ISWSL(iS. 9). ISWSR(15,9). ISTART.NPROJ. IPJUL. IPJLL,
6 IPJUR, IPJLR, JEND. JONEC9).JSTART N.JS, NSG. NV, SGWD(9),

7 SL.SWD(20),VN(20,3),VENTH(24),VENTWC24).VENTT(24).
a XPN(30),XMX(30).XCOR(9),YCOR(9),Z(30),SSOWD,TVSG,
9 HTI,HT2,HT3,HT4(10),NSSTS,SLSW.SX(30),SZ(30),

I CNCTNS(24),NCOMPS.IFRCMP,FLOW(24),INTO(24),VTOTAL(4),
2 FHMIN
COMMON/MATLS/TABX( 19.7.6). TABYC 19.7.61. NTXG. FOXI, RADTAB(7). RADI,

I FOX(7),NMATLS,DQI,DOM(7)..QAMI,GTAB(7),ITF(20),IRAMPT,
2 ITFC(20),ITFCS(7),ITFS(7).ITP(20),ITPC(20).ITPCS7),
3 ITPE(20),rTPES(7),ITPS(7).GCI.GP(7).GTAB(7),RHOI,
4 RHOM(7),RSI.RTAB(7),RTGI(10),UTAB(7).CNDCTY(7), XMUI,

5 XMFI.TKNS(7),TSL(30,2,4),TSP(2,2,4),CPM(7),WMMTL(7),
6 WMIGF.TKNSIN(7)
COMMON/PARAMS/GRAY. P1.GTR. RGAS. SIGMA. SQODTHOU. TOL. EC. EP

COMMON/RADTN/ALPC. ABSCF(30). ED. C(2)

COMMON /PRTCMN/ ASRFUZ (22, 4). ASRFLZ (22. 4), CVFLWU(22. 4),

* CVFLWL(22,4),RDFLWU(22,4).RDFLWL(22,4),
4 VTFLWV(24.2),VTFLWE(24.2),FBVDOT(30),
* FUSDOT(11,30),FBQDOT(30),FRENTR(30)

DIMENSION 10(12),IDATA(7),IND1(10),IND2(10).IND3(10),CONC(10),
1 IZN(2),ISURF(120,15).ISSURF(40),FTU(5),FTL(5).XPF(5)
DIMENSION LNSRFN(120),L.NSRFC(120),STATS(50,2),PPMU(I0),PPML(10)
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DIMENSION NWRD(22):ISRPDF(7 5)NA(1).N,.... *rn.20.2,4),
I FTSP(t2,2 24).SMKU(;), SMKL(5)
LOGICAL LNUNOR(22)

C ARRAYS 10, ZOATA, AND IZN CONTAIN CHARACTER DATA FOR FORMATTING
DATA IO/4Ht10X, 1H..3H1X).4HlH , 4H. 1X),4H2HCF,4H2HCT,4H2HBF,4H2NBT

I 4H2HU,4H2HBL, 4H2HCB/
DATA IDATA/4HIH .,4HlH.S..4H1HF. .4HLHC..4H1H ,4HlH' .. 4HIH .
DATA IZN/3I4LWR. 3HUPR/
DATA LNUNDR/. TRUE. .2*. FALSE. . TRUE. .5*. FALSE. *2*. TRUE. .3*. FALSE. *

& TRUE.,*2*. FALSE. ,.TRUE.,~3*. FALSE.,. .TRUE. /
DATA NWRD/1. 0.2.O.O,0,3,0O..O4..5.0.0.0.6.0.0.7.0,0/
DATA IGRPDF/4H CU,4H CU,4H BA.4H. BA.4H BA.4H BA.4H CU,

&t 4HSIO(. 4HSHIO. 4ICKRE-.4HCK'RE. 4HCKRE. 4HCKRE. 4HSHIO,
&t 4HN. FR. 4HN. TO, 4HST. F.4HST, T.4HST. U.4HST. L, 4HN. GO.
&t 4HONT .4HP .4HRONT,4HOP .4HPR R.4HWR R,4HTTOM.
&DTA 4H .4H. 4H. .4H. 4HEAR .4HEAR ,4H

DAAT460/459. 67/
C
C IF NEITHER IPRI OR IPR2 IS - 0, NO OUTPUT IS TO BE DONE, SO RETURN

CONET T
IF(IPR1. NE. 0. AND. IPR2. NE. 0)G0 TO 500

C CNETTIME TOSECONDS AND WRITE TIME MESSAGE AT TOP OF PAGE.
C

TIME-ITIME/THOU
C
C WRITE TIME AND RUN ID AT THE TOP OF A NEW PAGE
C

WRITE(6.2) TIME. (IDENT(M).M-1,20)
2 FOR"ATUlHi/ 5X, 6H I)'i- ,F9.3,13H SECONDS. 13(. 20A4)

C
DO 24 ICMP-1.NCOMPS

C CONVERT GAS TEMPERATURES TO FAHRENHEIT
C

FTU(ICMP) - TU(ICMP) - T460
FTL(ICMP) - TLCICMP) - T460

C
C CONVERT PRESSURE TO L9F/SO FT AND SMOKE TO CD/FT
C

XPF(ICMP) PF(ICMP) / GRAV
SMKU(ICMP) -0.0457575 * CHIU(NSPCS.ICMP) * RHOU(ICMP)
SMKL(ICMP) -0.0457575 * CHILCNSPCS.ICMP) * RHOL(ICMP)

C
WRITE(6. 3)

3 FORMAT(///2X. IIHCO3MPARTMENT. 2X.4HZONE. 4X. HDEPTH. 4X, 6NVOLUME. 3X,
1 SHOAS TEMP,2X,1IHOAS DENSITY,2XIOHSMOKE CONC.2X.
2 29MMASS FRACTIONS OF MAJOR GASES. 2X,BHIPRESSURE/23X. 4H(FT).
3 5X.7HCCU FT),4X,3H(F),5X,11H(LBM/CU FT).3X,7H(OD/FT).7X.
4 2H02,7X,3HC02,7X,3HH20,5X,IIH(LBF/SO FT)/)
XX vCH - ZD(ICMP)
WRIS~lb4) ICMP IX,. VOLU(ICMP). FTU(ICMP). RMOU(ICMP).
1 SMKU(ICMP) , CHIU(2.ICMP. CrHIU(4, ICMP). CHIU(5. ICMP)l
2 XPF(ICMP). ZD(ICMP). VOLL(ICMP). FTL(ICMP). RHOLcICMP).
3 SMKL(ICMP) , CHILc2,ICMP), CHIL(4,ICMP). CHIL(5,ICMP)

4 FORMAT(7X. 11, 7X. 6HUPPE.R , F8. 3, IX, F8. 1, 3X, FS. 2, 3X, F8. 5,
I 4X, F7.3, 2X, 3(2XF8. 5). 5X, FS.2/ 15X, 6H.LOWER , F8.3, 1X,
2 F8.1 3X, F8.2 3X, F8.3 4X, F7 3, 2X, 3(2X, FG.5)/)

c
IXS a NSPCS - I

WRITE(6,5) (NCAS(IG). 10-I. IXS)
5 FORMAT'1x,34HZONE GAS CONCENTRATIONS (PPM)/13X,
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I 10(A4, 5X))

C CONVERT GAS CONCENTRATIONS FROM MASS FRACTION TO PPM BY VOLUME

SUML - 0.
SUMU - 0.

C
DO 6 IG1. IXS
S1JML -SUML + CHIL(IG,ICMP) / WMOLEC(IQ)

6 SUtIU - SUMU +CHIU(IGICMP) / WMOLEC(IG)
C

Do 7 IGi1, IXS
PPML(IG) - 0.
PPMU(IG) - 0.
IF(SUML GT. 0.) PPMLCIG) - CHIL(IG.ICMP)/(SUML * WMOLEC(IG))
IF(SUMU .GT. 0.) PPMU(IG) -CHIU(IG.ICMP)/(SUMU * I*IOLEC(IG))
PPML(IG) PPML(IG) * 1.E+6

7 PPMU(IG) - PPMU(IG) * I.E+6
C

WRITE(6,9) (PPMU(IG),IG-1.IXS)
8 FORMAT( lX. HUPPER. 2X. 0Fq. 0)

WRITEC6.9) (PPML(IG),IG-1.IXS)
9 FORMAT(1X,5HLOWER.2X,XOF9.0
C
C IF THIS IS THE COMPARTMENT WITH INTERIOR FIRES PRINT THE FIRE DATA
C

IF( ICMP NE. IFRCMP ) GO TO 17
IF( NFIRES .EQ. 0 ) GO TO 17
WRITE(6. 10)

10 FORMAT(/lX. 14HINTERIOR FIRES/
* 2X. 53HFIRE BASE AREA VAPOR GEN RATE HEAT GEN RATE PLUME

1I 53H ENTRMNT FLAME LENGTH ABSN COEFF SMOKE GEN RATE 0
2 *14HXY CNSPTN RATE/
3 9X,53H(SG FT) (CU FT/SEC) (BTU/SEC) (CU FT/SEC)
4 .53H (FT) (l/FT) (PART/SEC) (LBM/S
5 ,3HEC)

C
DO 12 Nl.,NFIRES-
IXS - NTXG + 6
WRITE(6.11) N, AF(N), FBVDOT(N). FBODOT(N), FRENTR(N), FLML(N).
1 ABSCF(N), FBSDOT(IXS,N). FBSDOT(2.N)

11 FORMAT(2X. 13 2X FS. 2.5X. E13. 6, 2X.E13. 6,2X, E13.,4X F9. 2. 2X,E13. 6.
1 IXE13.6,3XE13.6)

12 CONTINUE
C

WRITE(6. 13)
13 FORMAT(/BX.36HTRACE GAS GENERATION RATES (LBM/SEC)

C
IXS - 5 + NTXG
WRITE(6. 14) (NGAS(IG), IG - 6, IXS

14 FORMAT(2X.4HFIRE.7X.5(A4. IIX))
C

DO 16 N - 1, NFIRES
WRITE(6. 15) N, (FDSDOT(IGN).IG -6,IXS

15 FORMAT(2X.13.3X,5(E13.6,2X))
16 CONTINUE

C
17 CONTINUE

C
C WRITE THE SURFACE TEMPERATURE AND HEAT FLUX DATA
C

A-49



WRITE(6. 19)
19 FORMAT(/1X. 1SHSURFACE CONDITIONS'

*2X.S2HSURFACE CONTACT AREA (SO FT) CONVECTIVE FLOW
I .52H(STU/SEC) RADIATIVE FLOW (STU/SEC) TEM

2 *12HPERATVRE (F)/
3 lix. S2HUPPER ZONE LOWER ZONE UPPER ZONE LOWER ZONE
4 .52H UPPER ZONE LOWER ZONE UPPER PART LOWE
5 614R PART)

C
DO 20 ISRF - I. LSN

C
C CONVERT LINING SURFACE TEMPERATURES TO FAHRENHEIT
C

FTSL(ISRF,2,ICMP) -TSL(ISRF.2,ICMP) - T460
FTSL(ISRF. 1.ICMP) - TSL(ISRF,1.ICMP) - T460
WRITE(6. 19) ISRF, ASRFUZ(ISRF. ICMP), ASRFLZ( ISRF. ICMP).
1 CVFLWU(ISRF. ICMP). CVFLWL(ISRF. ICMP).
2 RDFLWU(ISRF. ICMP). RDFLWL(ISRF. ICMP),
3 FTSL(ISRF.2. ICMP). FTSL(ISRF. 1.ICMP)

19 FORMAT(2X. 13,. F9. 3.3X F9. 3. 5X,F9. 3. X. P9. 3,12X. F9-3.4X.P9. 3, 7X
1 FB. 3. 4XFB.3)

20 CONTINUE
C
C WRITE THE PARTITION TEMPERATURE AND HEAT FLUX DATA
C

WRITE(6. 21)
21 FORMAT(3X. 5HPARTN)t
C

00 23 IP a 1.2

C CONVERT PARTITION SURFACE TEMPERATURES TO FAHRENHEIT
C

FTSP(IP.2.ICMP) - TSP(IP,2,ICMP) - T460
FTSPCIP.1.ICMP) - TSP(IP.1.ICMP) - T460
IX - IP + 20
WRITE(6,22) IP, ASRPUZ(IX.ICMP). ASRPLZ(IX.ICMP), CVFLWU(IX, ICMP),

1 CVFLWL(IX.ICMP), ROPLWU(IXICMP). RDPLWL(IX.ICMP),
2 FTSP(IP.2,ICMP), FTSP(IP.1IlCMP)

22 FORMAT(4X. I1.6X.F9. 3.3X. 9.3.SX.P9. 3. 5X.P9. 3.12XP9. 3, 4X.P9. 3.7X.

I PU. 3.4X.FS.3
23 CONTINUE

C
C COMPUTE THE SUMS OF THE AREAS AND FLUXES TO SURFACES AND
C PARTITIONS AND WRITE THEM OUT
C

SUMAU - 0.
SUMAL - 0.
SUMCU - 0.
SUMCL - 0.
SUMRU a 0.
SUMRL -0.
D0 2301 ISRF - 1, LSN
SUMAU a SUMAU + ASRFUZCISRFICMP)
SUMAL - SUMAL + ASRFLZ(ISRP.ICMP)
SUICU - SUMCU + CVFLWU(ISRF.ICMP)
SUMCL - SUMCL +CVFLWL(ISRF. ICMP)
UM a SUMRU + RDFLWU(ISRF.ICMP)

2201 GUIAL a SUKAL 4 RDFLWLCISAF.ICMP)

SUMAU a SUMAU +ASRFUZ(21. ICMP) +ASRFUZ(22. ICMP)
SUMAL 0 SUMAL + ASRFLZ(21. ICMP) + ASRPLZ(22. ZCMP)
SUMCU a SUMCU + CVFLWU(21,ICMP) + CVFLWU(22.ICMP)
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SUMCL u SUMCL +CVFLWL('1. CMP) + CvFLWL(22, XCMP)
SUMRU - SUMRU +RDFLWU(21 ICMP) +RDFLW.(22. ICMP)

C SUMRL a SUMRL +RDFLWLC21. XCMP) + ROFLWL(2,I CPIP)

WRITE(6. 2302) SUMAU, SUMAL. SUMCU. SVMCL. SUMRU. SUMRL
2302 FORMAT(/3X. 5HTOTAL.3X.F9. 3,3XF9. 3.5XF9.3. SXF9. 3.12X,F9. 3,

* 4X.F9.3)
24 CONTINUE

C
C WRITE OUT VENT FLOW DATA FOR ALL VENTS
C

WRITE(6. 25)
25 FOR1IATC/1X,52HVOLUME AND ENERGY FLOW RATES THRU VENTS (CU FT/SEC)

I .11H, (UJTU/SEC)

C FIRST 8 OR FEWER VENTS
C

IS - I
IE - 8
IF( NV .LT. 8 IE - NV
DO 26 IV - IS *IE

NA(IV) - CNCTNS(IV) /10.
2b ND(IV) - CNCTNSL IV) - NA(IV) 10

WRITE(6,27) (IV, IV - 15. IE
27 FORMAT(/IX.4WVENT.B(13X.X2)

WRITEC6,29) (NAIV). NBCXV). IV = IS. XE
28 FORMAT(1XSHCONNECTS.6X.8(1I2,4H TO .12,7X)

WRITE(6.29) (VTFLWV(IV.2), IV - IS, XE
29 FORMAT(lX, IU4NET UPR-UPR/2X. ICHVOLUME .SE13- 6,2X)

WRITE(6,30) (VTFLWECIV.2), IV - IS, XE)
30 FORMAT(2X.1OHENERGY *8(E13.6,2X))

WRITE(6,31) (VTFLWV(XV1), IV - IS. XE
31 FORIIAT( XX. XZET LWR-LWR/2X. IOHVOLUE *a(E13.6,.2X)

WRITE(6,32) (VTFLWECXV.1). IV - IS, XE)
32 FORtIAT(2X,10HENERGY S9(E13.6,2X)

IF( NV LE. 8 ) GO TO 35
C
C VENTS 9 THRU 16
C

IS - 9
IE - 16
IF( NV .LT. 16 ) XE NV
IX - 0
DO 33 IV - IS, XE
IX a XX + 1
NAC IX) - CNCTNS(XV) /10.
ND(IX) - CNCTNS(XV) -NAC XX) *10

33 CONTINUE
WRITE(6,27) (IV, IV =IS, XE
WRITE(6,28) (NA(IID NB(II). II 1, IX)
WRITE(6,29) (VTFLWV~.IV,2),IY - IS. XE)
WRITE(6,30) (VTFLWE(IV.2),IV - IS, XE)
WRITE(6,31) (VTFLWV(XV.1),IV - XS.XE)
WRITE(6.32) (VTFLWE(IV.1). IV -IS, XE

C
IF( NV LE. 16 GO0 TO 35

C
C VENTS 17 THRU 24
C

IS 17
XE - 24
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IF( NV .LT. 24 ) IE = NV
IX = 0
DO 34 IV = IS, IE
IX ! IX + 1
NA(IX) - CNCTNS(IV) / 10.
NB(IX) = CNCTNS(IV) - NA(IX) * 10

34 CONTINUE
WRITE(6,27) (IV, IV - IS. IE
WRITE(6,28) (NA(II), NB(II), II = 1, IX
WRITE(6,29) (VTFLWV(IV,2) , IV - IS, IE
WRITE(6,30) (VTFLWE(IV,2) IV = IS, IE
WRITE(6.31) (VTFLWV(IV.I). IV = IS, IE
WRITE(6,32) (VTFLWE(IV, 1), IV - IS, IE

35 CONTINUE
C
C PRINT NUMERIC SOLUTION DATA AND RESET NDXS
C

WRITE(6,36)
36 FORMAT(/IX,42HSOLUTION DATA - TIME STEPS IN MILLISECONDS

WRITE(6,37) (STATS(II,1), STATS(II,2), II - 1,NDXS
37 FORMAT, 6(2X,SHSTEP ,F6.OSH ITR F3.0)

NDXS - 0
C
C IF IPR2 IS NOT - 0. FLAME SPRD DATA IS NOT TO BE WRITTEN. SO RETURN.
C
40 IF(IPR2.NE.O)GO TO 500

C IF THERE ARE NO CURRENTLY ACTIVE FIRES. RETURN.
IF(NFIRES.LE.0) GO TO 500

C REPORT THE NUMBER OF SMLDRG, FLAMING, AND CHARRED ELMNTS AT THE END
C OF THE LAST SET OF FLAME SPREAD CALCULATIONS.

WRITE(6,44)
44 FORMAT(//SX, 5OHELEMENT STATE SUMMARY - CONDITIONS ON ALL SURFACES,

136H AT END OF FLAME SPREAD CALCULATIONS)
IS-LSN+NSG
WRITE(6, 50)

50 FORMAT(IBX.114HI 2 3 4 5 6 7 8 9 10 11 12 13

1 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29)
WRITE(6,51) (NPE(I)o I-I, IS)

51 FORMAT(SX, 11HSMOLDERING ,3014)
WRITE(6, 52) (NFE(I), I-I1 IS)

52 FORMAT(5X, 7HFLAMING, 4X, 3014)
WRITE(6,53) (NCE(I),Iw1,IS)

53 FORMAT(5X, 7HCHARRED, 4X, 3014)
C REPORT THE CURRENT SURFACE AREAS SMLDRG. FLAMING. AND CHARRED BY
C MATERIAL TYPE.

WRITE(6, 65)
65 FORMAT(//5X62H FLAMING, SMOLDERING, AND CHARRED AREAS BY MATERIAL TY

*PE (SO FT)/)
WRITE(6, 70) (M. M-1, NMATLS)

70 FORMAT(SX, l1HMATERIAL NO,7(SX, 12))
WRITE(6, 71) (AFM(M), M1, NMATLS)

71 FORMAT(5X,13HAREA AFLAME ,7FI0.2)
WRITE(6, 72)(ASM(M),M-1,NMATLS)

72 FORMAT(5X,13HAREA SMLDRG .7FI0.2)
WRITE(6,73)(ACM(M),MtlNMATLS)

73 FORMAT(SX,13HAREA CHRRD ,7F10.2.
C START A NEW PAGE, PRINT THE TIME AND HEADING INFORMATION.

WRIT(4.2) TIME. (IDNT(M). M -1, 20
WRITE(6,202)

202 FORMATt//SX.68HDISTRIBUTION OF ELEMENTAL STATES AT END OF FLAME SP
IREAD CALCULATIONS//)

A-52



WRITE(b. 203)
203 FORMAT(//SX,49HINTEGERS CORRESPOND TO STATES OF INDIVIDUAL ELEM-//

120X, 15HIAMBIENT STATE/20X, 1BH2-SMOLDERING STATE/20XB H3-AFLAME/
220X, 9H4-CHARRED/20X, 35H5-HEATING. NOT IN CONTACT WITH FLAME/2OX, 31H
36-HEATING. IN CONTACT WITH FLAME/20X.2OH7-SMOLDERING, COOLING//IOX, 3
4HAFT)

C THE NEXT 14 STMTS PRINT THE VIEW OF THE ELEMENT STATES ON ALL THE
C CABIN LINING SURFACES. ISURF IS A UTILITY ARRAY CONTAINING THE PICTURE

JX-JMAX(l)
DO 210 III.MAXELI
DO 205 JlJ-1,JX
CALL CVOUT(II.JJ, 1,IST, ISTP, ITFCP)
ISURF(II, JJ)-I'ST

205 CONTINUE
210 CONTINUE

KK-JX
d.h-mdX+1

DO 215 J-I°KK
'Jdm~i.-1

WRITE(6f 212)(ISURF(I,JJ).,1,MAXELL)
212 FORMAT(LOX. 12011)
215 CONTINUE

C *.* THIS NEXT PART FINDS THE DIFFERENT CABIN LINING SURFACES AND
C *.* PRINTS THE ELEMENT'S SURFACE NUMBER UNDER THE PRINTED VIEW
C *.* OF THE ELEMENTS STATE.

DO 217 ISRFNOILSN
MINSN-IMIN(ISRFNO)
MAXSNaIMAX(ISRFNO)
ISRFNI=ISRFNO/10
ISRFN2-ISRFNO-(ISRFN1*1O)
DO 216 IN-MINSNMAXSN
LNSRFN(IN)-ISRFN1
LNSRFC(IN)aISRFN2

216 CONTINUE
217 CONTINUE

WRITE(6,218)(LNSRFN(IN),IN-I,MAXELI)
219 FORMAT(3X, 'LINING'./

& 3X,' SURF-' IX, 12011)
WRITE(B, 219) (LNSRFC(IN), IN1I,MNXELI)

219 FORMAT(3X, 'NUMBER',IX,12011)
C **.*
C SCAN ALL SEAT GROUPS TO FIND IF THERE ARE ANY SMLDRG OR FLAMING ELMNTS
C ON ANY OF THEM. IF NOT, RETURN.

IXILSN+I
DO 220 I-IX,NS
IF(NFE(C).NE.O OR. NPE(I).NE.O)GO TO 230

220 CONTINUE
RETURN

C START A NEW PAGE, PRINT THE TIME AND HEADING INFORMATION.
230 WRITE(6,2) TIME, (IDENT(M), M- 1. 20

WRITE(6, 235)
235 FORMAT(//IOX,41HFOR SEAT GROUPS---J= 1- 4 CUSHIONBOTTOM/28X,26HJ

I- 5- 7 BACKRESTLWR REAR/28X,26HJ- 8-11 BACKRESTUPR REAR/28X,21
2H,)-12 BACKREST, TOP/28X,23Hj-13-I8 BACKREST, FRONT/28X,2OHJ-19-
321 CUSHION, TOP/28X,22HJ-22 CUSHION, FRONT)

C IPG INDICATES WHETHER A NEW PAGE AND HEADING IS TO BE PRINTED.
IPGoO

C THE NEXT LOOP (THRU 300) FORMS AND PRINTS THE PICTURE OF THE ELMNTS ON
C EACH SEAT GROUP. A SEPARATE PAGE IS USED FOR EACH gROUP AND A GROUP IS
C SKIPPED IF THERE ARE NO CURRENT FLAMING OR SMLDRG ELMNTS ON IT.

DO 300 ISm1,NSG
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!.IS+LSN
IF(NFE I).EQ 0 AND. NPE(1).EQ.O)GO TO 300
IPO- IPG. 1
IF(IPG.LE.1)G0 TO 240
WRITE(6. 10) TIME

240 WRITE(6.243'IS
245 FORMAT(//1OX.13HSEAT GROUP Na.12//)

IWIDE*2. 0*SGWdD( IS).TOL
J-J-23
WRITE(6. 261)
DO 275 J1,22

DO 250 11.1. IWIDE
CALL CVOUT(1 .j .J. IST. ISTP. ITFCP)
ISSURF( II )I3T

250 CONTINUE
WRITE(6.26OhhJJ,(ISSURF(II).I1.IWIDE)

260 FORMAT(22X. IL 2X. 4011)
IF(LNUNDR(J) )WRXTE(6. 261)

261 FORPAT(1+.2X,19H________

IF(NWRD(J). NE. 0)WRITE(6. 262) CIQRPDFCNWRD(J). i').K=1.5)

262 FORMAT( IH4. lX.5A4 I
C
500 RETURN

END
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SUBROUTINE RDCNTL
COMMON/CNTRL/DELTAT. ELTSP. ECOFLG. IDELT,.:DENT zO). IOTPRV. IPEMS,
I IPSPR, IPAUX. IRATID. ISAVE. ISCALE. ITFIN. ITIME. ITIM2,
2 ITSPRD. NPASS. TFINAL, IOBUIGI.EPSLN. MAXITR,MAXCUT,
3 JCBSKP
COMMON/FIRES/AFM(7),ASM(7).ISTATE(120, X5),ISTATS(9, 16422).
I IWO3RD(120,15),IWORDS(9,16,22),NFLM(7),NPYR(7),
2 RGS(10,7),RSS(7),T0TGAS(I0),T0TSEM,TRGF(10),
3 TRGS(I0),TRSF,TRSS,NCE(30),VITNR,TOTVIT,RADFIR(30),
4 ACM(7). AF(30). AFI. AEXP. COMB(30) DGK, FLML(30) FSNI,
5 FSN2,FSN3,GAMMA(30). IIURN. IF(600). IGMNI, IGMNJ. IGMXI.
6 IGMXJ,IGNFIRIGNI)(2,100). IGSN, ISFIRE(3O).IVMAX(30).
7 IVMIN(30), IVMN. IVMX, IXFIRE. IZONE(30),.JVMAX(30),
8 JVMIN30).JVMN.JVMX.K.NFE(30)NFIRESNIJCNIJS.
9 NPE(30),NSFL(7),OMEGA(30).PDH,PIGN.RF(20,4).RFS(7,4),
I RFWS,RGFUO0,7),RGFK(1O),RHOZO3),RSF(7),RSFKTDO,
2 TBURNI.U4(30),YZ(3)ZB(0),RHOEF.,CHIEFG(1).
3 FLOWIN. FLWOUT. TEFG. IFRVNT, GENRAT(11). TDOMTL(7),
4 TP(7).TPC(7)
COMMON/GASES/CHIL(11.5).CHIU(11,5),CP,NGAS(1),NSPCS,PA S.PF(5).

I RHOAM,RHOL(3),RHOU(3).TAMTL(3),TU(5),VOLL().
2 VOLU(5,ZD)5,XTHEN(120,WMLEC11),TWO(11).
3 JCOR( 120)
COMMON/GMTRY/IMATL(20).IMATS(7).lMTLP(4).IMAX(30).IMIN(30),
I IRAY(116). IRAYS(22).,JMAX(30),~JMIN(30),LSN,MAXELINS,
2 CH.CL(4).CW.DWS.HSTSIARX(40.15),IARY(40,12).ICLL,
3 ICLP. lEND. ZFIRL, IFIRR, ILSTL, ILSTR. 10NE(9)
4 ISSWLI(9, 10). ISSWL,)(9, 10). ISSWRI(9. 10). ISSWR.J(9, 10).
5 ISWSL(13,e). ISWSR(15,S). ISTART,NPROJ, IPJUL, IPjLL,
6 IPJUR. IPJLR. JEND, JONE(9) JSTART N.JS. NSG. NV. SGWD(9),

7 SL. SWD(20). VN(20. 3). YENTHC24). VENrW(24) VENTT(24),
e XMN(30),XMX(30).XCOR(9),YCOR(9).Z(30).SSGWDTVS,
9 HTl,HT2,HT3,HT4(10),NSSTSSLSW.SX(30),SZ(30).
I CNCTNS(24)..NCOMPS. IFRCMPFLOW(24), INTO(24),VTOTAL(4)-
2 FHMIN
COMMON/MATLS/TABXC 19.7, 6), TABY(IS.7. 6). NTXQ. OX I.RADTAS (7), RADII
I FOX(7),NP ATLSDGI.DM(7),GAMI,GTAB(7),ITF(20).IRAMPPT,
2 ITFCC2O),ITFCS(7),ITFS(7),ITP(20),ITPC(20),ITPCS(7).
3 ITPE(20),ITPES(7).ITPS(7),QCI.OP(7),OTAB(7),RHOI,
4 RHO4M(7),RSI,RTA(7),RTGI(IO),UTAB(7),CNDCTY(7),XMUI,
5 XMF!. TK'NS(7). TSL(30. 2.4), TSP(2. 2.4). CPM(7). WMMTL(7).
6 WMIGFTKNSIN(7)
COMMON/PARAMS/ORAV. RI, TR. ROAS.SIGMA. SOD. THOU. TOL. EC. ER
COMMON/RADTN/ALPC. ABSCF(30;, EB. C(2)
INTEGER ECOFLG

C
C READ 80 CHARACTERS OF RUN IDENTIFICATION - CARD TYPE 1
C

READ(5.) (IDENT(M).M-1,20)
I FORMATC2OA4)

C
C READ CARD TYPE 2, PROGRAM TIME CONTROL DATA
C

READC5. 2) DELTAT. TFINAL. EPSLN, MAX ITR.MAXCUT, JCBSKP. IRATID. ISCALE

2 FORMAT(3FI0. 1.515)
C
C READ CARD TYPE 3. OUTPUT CONTROL DATA
C

READS5,3) IPEMS, IPSPR, IPAUX, ECOFLG
3 FORMAT(415)

C
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RETURN
END
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SUBROUTINE AUXOUT

COMMON/CNTRL/DELTAT. OELTSP. ECOFLO. IDELT. IDENT(20). IDTPRV. IPEI 5.
I IPSPR. IPAUX. IRATIO. hAVE. ZUCALE. ITFIN. ITIME. ITIM2,
2 ITIPRO. NPASU. TFINAL, IDIUG1, EPSLN. MAXITR. MAXCUT,
3 JCDSKP
COMMNON/FIRES/AFPI(7).ASM(7). IUTATE( 120. 15). ISTAT5(9. 16.22).

I IWORD(120.15),IWORDS(9,1622).NFL4(7).NPYR(7),
2 RQS(1O.7).RSS(7).TOTGAS(IO).TOTUEM.TRGF(1O),
3 TRGS(IO),TRSF,TRSS,NCE(30),VITNR,TOTVIT.RADFIR(30)
4 ACM(7),AF(3O).AFI.AEXP,CO)MB(3).OG.FLMlL(30),FSNI,
5 FSN2. FS3. GADMlA(30). IB4JN. IF-*600). JONNI. IMNJ. ZBNXZ.
& IGQtXJ. ZNFIR. ZQNIJ(2. 100). IGUN.ISFIRE(30). IVNAX(30).
7 IVIIIN(30). hyMN, lyNX.ZXFIRE, XZONE(30),VMAX(30),
a JVMIN(30). 4VMN. JVMX.K. NPE(30), NFIRES. NIJC. NIJSO.
9 NPE(30).NSPL.(7).OMEQA(30),PDN.PIQN.RF(20.4).RFS(7.4).
I RFWS.RGPclO.7,.RGFKCIO),RHOZ(30),RUPC7),RSFK. TO.
2 TBURNI,UZ(30).YZ(30).ZB(30).RHOEFO.CHIEF(I1),
3 FLOWIN. PLWOUT, TEFO. IFAYNT. GENRAT( 1), TDGI'TL(7),
4 TP(7),TPC(7)
COMMON/GASES/CHILC 1 ). CHIU( 11. 5). CP, NOAS(11). NURCS. PAD. PF(5).
I RHOAq. RNOL(5).RHOU(5).TAM, TL(5). TU(5). VCLL(3),
2 VOLU(5),ZD(5).XTHEN(120),IdMOLEC(I1),TWO(IOI)
3 JCOR(120).
CONMON/GNTRY/INATL(20), IMATS(7). IMTLP(4), IMAX (30). IMIN(30).
IIRAY(116).IRAYS(22),JMAX(30).JMIN(30).LUN.MAXELINS.f.

2 CI4CL(4),CW,DW5.HSTSXARX(40.15).IARY(40.12).ICLL,
3 ICLR, lEND. IFIRL. IFIRR. ILSTL, ILSTR, IONEC9).
4 ISSWLZ(9. 1O),IUSWLJ(9.1O).ISSWRI(9,1),ISSWR.iCY.1O).
5 ISWSL(13.S), ISWSR(15. U). ZSTART,NPROJ. IPJUL, IPJLL,
6 IPJUR. XPJLR, JEND, JONE(9).JSTART. NJS. NUG.NV, SGWD(9)I
7 SL,SWDC20),VN(20,3),VENTH(24),VENTW(24),VENTT(24).
a XMN(3O).XMX(30).XCOR(9),YCOR(9).Z(30),SSGWDTVSQ,
9 H4Tl.IT2.HT3,HT4(1O).NSSTS.SLSW.SX(30).SZ(30)
I CNCTNS(24).NCOPS. IFRCMP.FLOW(24). INTO(24),VTOTAL(4).
2 FHMNN
COI9ION/MATLS/TABX( 13,7. 6).TABY( 13.7.6). NTXQ. POXI. RADTAU(7). RADI.

I FOX(7).NMATLS.DGIDGN(7),GANX,QTAU(7),ITF(20),XRAMPT,
2 ITFC(2O),ITFCS(7).ITFS(7).ITP(20),ITPC(20).ITPCS7).
3 ITPE(20). ITPES(7). ITPS(7).OICI.GP(7),GTAI(7).RHOI.
4 RI4OP(7)RIRTA(7).RTOI(10),UTAU(7).CNOCTY(7),XMI,
5 XMFI, TKNSC7), TSL(30,2, 4). TSP(2, 2.4). CPM(7) WMTL(7).
& WMIGF. TKNUZN(7)

COI91ON/PARAMS/GRAV, Ph. TR. ROAS. SIGMA. SQO. THOU, TOL.EC. EP
COMON/RADTN/ALPC. ABSCF (30), ED. QC(2)

C --------------- ------

C OB.JECTIVE(S)
C (1) WRITES FORMATTED VALUES OF CERTAIN CABIN GAS VARIABLES TO UNIT 8
C (DISK OR TAPE AS DEFINED BY USER'S JCL) FOR LATER PLOTTING OR
C OTHER USES.
C COMMENTS
C (1)
C - -------- -------------------------- ---------

COMMON /PRTCMN/ ASRFUZ(22. 4). ASRFLZ (22. 4). CVFLWU(22. 4).
* CVFLWL(22.4).RDFLWU(22.4),RDFLWL(22.4).
* VTFLWV(24.2),VTFLWE(24,2), FBVDOT(30).
* PUSOOT(11,30),FUGkDOT(30).FRENTR(3O)

DIMENSION 10(12).XDATA(7),INDI(IO).ZND2(1O),IND3CIO),CONC(1O),
I IZN(2),ISU)RF(120.15).ISSURF(40).FTU(5),FTLCS),XPF(5
DIMENSION LNSRFN(120),LNSRFC(120),STATS(50,2).PPMU(IO).PPMLA1O)
DIMENSION NWR(22).IORPDF(7, 5).NA(S).NB(B).FTSL(20.2. 4).
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I FTSP(2, 2.4). SMKU(5), SMKL(S)
C
C CONVERT TIME TO SECONDS
C

TIME-ITIME/THOU
C
C WRITE TIME AND RUN ID
C

WRITE(8.2) TIME, (IDENT(M).M-1.20)
2 FORMAT(F9. 3,20A4)

C
DO 24 ICMP-I.NCOMPS

C CONVERT GAS TEMPERATURES TO FAHRENHEIT
C

FTU(ICMP) - TU(ICMP) - T460
FTL(ICMP) a TLCICMP) - T460

C CONVERT PRESSURE TO LIP/SO FT AND SMOKE TO OD/FT
C

XPF(ICMP) -PF(ICMP) / GRAV
SMKU(ICMP) -0.0457575 * CHIU(NSPCS.ICMP) * RHOU(ICMP)
SMKLCICMP) -0.0457575 * CHIL(NSPCU.ICMP) * RHOL(ICMP)

C
XX 0 CH - ZD(ICMP) -

WRITE(8,4) ICMP. XX. VOLU(ICMP). FTU(ICMP). RHOLJ(ICMP),
1 SMKU(ICMP) . CHIUC2.ICMP). CHIU(4.ICMP). CHIU(5.ICMP)l
2 XPF(XCtIP). ZD(ZCMP). VOLL(ICMP), FTL(ICMP), RHOL(ICMP).
3 SMKL(ICMP) . CHIL(2,ICMP). CHIL(4.ICMP), CHIL(5.ICMP)

4 73 FOR U. 5, P83.2, P. .F2.8
I F7.MT(3.3F. . 2. FS. S.5
2 PS. 1, P.2.PS. 5. P7. 3.3F5. 5)

C
IXS - NSPCS - I
WRITE(8,5) (NOAS(IG). 0-I. IXS)

5 FORMAT(10A4)
C
C CONVERT GAS CONCENTRATIONS FROM MASS FRACTION TO PPM DY VOLUME
C

BUHL - 0.
UM)R - 0.

C
DO 6 10-I. IX!
SUM.. - SUM. + CMILCIGICMP) / WIIOLEC(IG)

& SLNIU - SUMU + CHIU(IG.ZCMP) / WMOLECCIG)
C

DO 7 IGal. IXS
PPML(IG) - 0.

L PPMU(IG) - 0.
IFCSUIIL .GT. 0.) PPML(IG) - CHIL(IG.ICMP)/(SUML * WMOLEC(IG))
IF(SUMU .GT. 0.) PPMU(UG) - CHIU(IG,ICMP)/(SUMU * WMOLECCIG))
PPML(IG) - PPML(IG) * I.E+6

7 PPMU(IG) - PPMUCIG) * I.E+6
C

WRZTE(8.3) (PPMU(IG). IGal, IXS)
a FORMAT(L0P9.O)

WRITECS.9) (PPML(IG), 10=1. IXS)
9 FORMATC1OF9.O 0

C
C IF THIS IS THE COMPARTMENT WITH INTERIOR FIRES PRINT THE FIRE DATA
C

IF( ICMP NE. IFRCMP )00 TO 17
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IF( WFIRES EQ. 0 00 TO 17
C

DO 12 N-1,NWIRES
IX - NTXG
WNITE(B. 11 N, AF(N). FUVDOT(N), FBODOTCN). FRENTR(N). FLML(N).
I ABSCF(N). FBUDOTUIXS.N), FDSDOT(2,N)

11 FORMAT(13.FU.2.3E13.6.FS.2.3EI3.6)
£2 CONTINUE

C
C

IXXI- 5.+ NTX9
WRITE(S.14) (NOAS(IO). I0 - 6. IX

14 FORMAT(5A4)

DO 14 N - 1. WIXRES
WRITIECS.15) N. (FOSDOT(10,N).XO - 4IXS

15 FORMAT( £3. 5E13. 4)
14 CONTINUE

C
17 CONTINUE

C
C WRITE THE SURFACE TEMPERATURE AND HEAT FLUX DATA
C
C

DO 20 ISRF - 1. LEN

C CONVERT LINING SURFACE TEMPERATURES TO FAHRENHEIT
C

FTSL(ZSRF.2,ICMP - TSL(ISRF.2.ICMP) - T460
FTSL(ISRF.1.ICMP) -TSLCISRF.1.ICMP) - T460
WRITE(B. 19) SRF. AURFUZCISRF. ICMP). ASRFLZCISRF. ICMP).

1 CVWLWU( 13F. ZCMP), CVFLWL(ISRF, ZCMP).
2 RDFLWJCISRF.ICMP), RDFLWL(IURF.ICPM
3 FTSL(ISRFo,ICMP). PTSL(ISRF.1.XCIP)

19 FORMTI3.6F9. 3.2F@.3)
20 CONTINUE

C
C WR ITE THE PARTITION TEMPERATURE AND HEAT FLUX DATA
C
C

DO 23 IP a 1.2
C
C CONVERT PARTITION SURFACE TEMPERATURES TO FAHRENHEIT

C TPI.,CP S(P2lM)-T4
FTSP(IP.2.ICMP) - TSP(IP.2.ICMP) - T440

IX - IP + 20
WRITE(S.22) IP, ASRFUZC(XICMP), ASRFtZCIXICMP). CvoFLWUCZX.ICMP).

I CVfPLWL(IX. ICMP). 4DPLWU(IX. ZCMP). RDPrLWLCIX. ICMP).
2 PISPCIP.2. ICMP), FTUP(IP,. 1 CMP)

22 FORtMAT(I1.&F9. 3#2P3 3)
23 CONTINUE

C
C COMPUTE THE SUMS OF THE AREAS AND FLUXES TO SURFACES AND
C PARTITIONS AND WRITE THEM OUT
C

SUMAU a0.
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SUMRL a0.
DO 2301 ISRF -1. LSN
SUMAU a SUMAU +ASRFUZ(ISRF, ICMP)
SUMAL a SUIAL + ASRFLZ(ISRF,zCMP,
SUMCU a SUMCU + CVFL.WU(ISRF.ICMp)
SUMCL - SUMCL + CVFLWLCISRF.ICMP)
SUMRU a SUVIRU + RDFLWU(ISRF.ICMP)

2301 SUPMRL m 9UPIRL + RDFLWL(XSRFICMP)

SUMAU a SUMAU + ASRFUZ(21. ICMP) + ASRFUZ(22 ICP)
SUMAL a SUMAL + ASRFLZ(21, ICMP) + ASRFLZ(22. ICMP)
SUNCLI a SUICL + CVFLWUC21,ICt4P) + CVFLW4J(22,ICMP)
SJ.WCL - SUMCL + CVFLWL(21.ICMP) + CVFLWL(22,ICMP)
SUPIRU a SUNRU + ROFLWJ(21 ICryP) + RDFLWUJ22, ICMP)

SUPIRL a SUMRL +RDFLWL(21.XCMP) +RDFLWL(22,ICMP)
WRT(.20)SMU UA, UCSML UR.SML

2302 FORMAT~bF9. 3)
24 CONTINUE

C WRITE OUT VENT FLOW DATA FOR ALL VENTS
C
C
C FIRST 8 OR FEWER VENTS

IS -I

IF( NV .LT. 8 I E - NV
DO 26 IV - IS I E
NAC IV) aCNCTNSC IV) /10.

26 NBCIVI - CNCTNS(10) - NA(XV) *10
WRITECS.27) (IV, IV - IS, IE

27 FORMAT(SX2)
WRITE(B.28) (NA(XV), ND(XV). IV - IS, XE

29 FORMATS1(12. I2)
WRITE(8.29) (VTWLWV(IV.2), IV - IS. XE)

29 FORMATi9E13.6)
WRITE(S.30) (VTFLWECIV;2), IV a IS. XE)

30 FORMATCUE13.6)
WRITE(U.31) (VTFLWV(IV.X), IV - IS. XE)

31 FORPIAT(UE13.6)
WRITE(U.32) (VTFLWE(XV.1). IV - IS- XE)

32 FORPIAT(SE13.6)
IF( MV .LE. 89)00 TO 35

C
C VENTS 9 THRU 16
C

Is-
IE - 16
IF( NV .LT. 1b ) XE *NV

IX a 0
DO 33 IV a IS. IE
IX - IX + I
NAC IX) a CNCTNS(XV) /10.
NICIX) a CNCTNS(IV) -NAC IX) 410

33 CONTINUE
WRITE(S,27) (MV IV -IS, XE
WRITE(92S) (NA(XI), NB(IX), It - 1, IX)
WRIR(G.29) (VTFLMV(IV.2).IV a 16. 19
WRITE(8.30) (VTFLWECIV,2),IV a IS, IE
WRITE(9.31) (VTFLWV(IV,1,.IV - IS.IE
WRITE(9,32) (VTFLWEIV1, IV aIS. IE
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C

C VENTS 17 THRU 24

1S - 17
IS - 24
IF( NV .LT. 24) IE M V
IX - 0
00 34 IV - IS, IE
IX = Ix 1
NMIX) *CNCTNS(IV) to1.
NVtIX) *CNCTNS IV) -NAM I) *10

34 CONTINUE
WRITE(S.27) (IV, IV -IS, IS
WRITEB.23) CNA(II), NS(II), 11 = 1, IX
kRITE(B.29) (VTFLWVCIV,:) *IV -IS, IS
WRITE(B.30) (VTWLWE(IV.2). IV -IS, ISE
WRITE(3.31) (VTFLMV(IV,1). IV -IS, ISE
bRITECS.32) (VTFLW.ECIV.1). IV -IS. ISE

33 CONTINUE
C

RETURN
END
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SUBROUTINE ATMOS(STATS. NOXS)
COMMN/GMTRY/ItIATLC2O).1PAT(7).IMTLP(4),IMAXC3O),IMIN(30).
I ZRAY(lI6). ZRAYS(22) ,MAX(30).JlZN(30). LEN.MAXELl. NS,
2 CH.CL(4),CW.DWS.HSTS.IARX(40,15),IARYC40,12V,ICLL,
3 ICLR. lEND. IFIRL, IFIRR. ILSTL. ILSTR. IDtE(9),
4 ISSWLI(9,10),ISSWLJ(9,1),ISSWR(9,1O.I5SWRJ)910).
5 ISWSL(15.U). ISWSR(15.9). ISTARTNPRDj.IPJ)UL. IPJLL,
& IPJUR. IPJLR. JEND,,JONE(9hJSTART,N%JS,NSG.NVSOWD(9).
7 SL.SWD(2O).VN(20,3)VENTH(24)VENTW24VENTT(24),
a XMN(30).XMX(30),XCOR(9),YCOR(9),Z(30).SSGWD,TVS,
9 HTI,HT2,HT3,HT4C10).NSSTS.SLSWSX(30),Z30),
I CNCTNS(24).NCOMPS. IFRCMPFLOW(24). INTO(24),VTOTAL(4).
2 PHNIN
COMMN/GASES/CHIL( I, 5) CHIU( 11. 5).CP NOAS( 11). NSPCS. FAME. PF(5),
I RIOAM.RHOL(5),RHOU(5),TAM,TL(5),TU(5),VOLL(5),
2 VOLU(5). ZD(5). XTHEN(120).WSIOLEC(IlhTWO(IOI).
3 JCOR(12O)
COMMON/CNTRL/DELTAT. DELTSP. ECOPFLG. WELT. IDENT(20),IDTPRV. IPEMS.

I IPSPR. IPAUX. IRATIO. lEAVE, ISCALE. ITFIN. ITIME. ITIM2.
2 ITSPRD.sNPASS.TFINAL. IDDUGI.EPSLN.MAXITR.MAXCUT,
3 ,JCBSKP
DIMENSION X(120),DUMX(120),XNEXT(120),STATS(50,2)

C SAVE THE VALUES OF THE CURRENT TIME AND THE NEXT TIME POINT, AS CALLED

C FOR BY DACFIR.

C LDT - LOCAL TINE INCREMENT (MILLISECONDS)
C LTOSJ - LOCAL TIME VALUE OF THE NEXT TIME POINT (MILLISECONDS)
C LDTPRV- PREVIOUS VALUE OF LDT
C

LTIME - ITIME
LDT - IDELT
LTOBJ - ITIME + IDELT
LDTPRV- IDTPRV

C
C INITIALIZE TWO COUNTERS
C INCR - COUNTS THE NUJMBER OF SUCCESSFUL SO3LUTIONS OBTAINED AT THE
C CURRENT LOCAL TIME INCREMENT WHEN INCREMENT CUTTING IN EF-FECT
C ICUT - CURRENT CUT LEVEL, ICUT0 -> LDT-IDELT. ICUT1 -> LDT=IDELT/2
C ICUT-2a LDT-IDELT/4s ICUT-3 -> LDT-IDELT/U.
C

INCR - 0
ICUT - 0
NOXI a NDXS *I
STATS(NDXS. 1) - LDT
STATS(NDXS.2) - 0

C SET THE INITIAL VALUE OF THE GAS STATE VECTOR CX)-
S5 1laO

DO 30 N2 - 1. NCOMPS
DO 10 NI a 1. NSPC3

10 X(I) a CHIL(NI.N2)f
D0 20 NI 1,I N9PCS

20 X(I) a CHIU(NI.N2)
X(K11 a PP(N2)
X(1+2) a RHOL(N2)
X(1*3) - RMOU(N2)
X(1+4) - TL(N2)
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X(I+5) - TU(N2)
X(1+6) - VOLL(N2)
X(I+7) - VOLU(N2)
X(I+8) - ZD(N2")

I -leg
30 CONTINUE

C
C SUBROUTINE SCALE SCALES THE MAGNITUDE OF THE VARIABLES TO 0(1) FOR
C IMPROVED NUMERIC SOLUTION
C

CALL SCALE(-IX,I)

C SUBROUTINE ESETI INITIALIZES THE TERMS IN THE GAS DYNAMICS EQUATION SET
C TO BE EVALUATED AT TIME - LTIME
C

CALL. ESETI( X, DUMX, I, LOT
C
C SUBROUTINE EXTRAP GENERATES THE INITIAL GUESS SOLUTION FOR THE NEXT
C TIME POINT
C

CALL SCALE(-I, XTHEN. I
C

CALL ErXTRAP(XTHEN. X.XNEXT. I.LDT. LDTPRV)

C SUBROUTINE NWTRAP CORRECTS THE INITIAL GUESS OF THE SOLUTION BY THE
C NEWTON-RAPHSON METHOD. ICON IS A FLAG TO INDICATE CONVERGENCE,
C ICONwl -> CONVERGENCE. ITR IS THE NUMBER OF ITERATIONS MADE.
C

CALL NWTRAP(XNEXT. ILDT, ICON, ITR)
C
C IF CONVERGENCE WAS NOT ACHIEVED JUMP TO STMT 70 TO CUT THE TIME STEP.
C IF THE SOLUTION CONVERGED UPDATE THE LOCAL TIME AND THE VARIABLES CX)
C

IF( ICON .EG. 0) GO TO 70

LTIME - LTIME + LDT
C

C SCALE UP TO PHYSICAL-IAGNITUDES
C

CALL SCALE(+I, XNEXT. I)
CALL SCALE(+loXI)

*C
C CHECK TO SEE IF IT IS TIME TO RECOMPUTE THE SCALE FACTORS
C

LSC - MOD(LTIMEoISCALE)
IF( LSC -EQ. 0. ) CALL SCALE( 0. XNEXT. I

C
c I - 0

C

DO 60 N2 - 1. NCOMPS
DO 40 NI - 1, NSPCS
I I * I
CHIL(NI,N2) - XNEXT(I)

40 XTHEN(I) a X(I)
DO 50 NI a 1, NUPCS
I aI + 1

CHIU(NI.N2) - XNEXT(I)
50 XTHEN(I) a X(I)

PF(N2) - XNEXT(I 1)
XTHI[N(I+1)in X(I.1)

RHO.(N2) - XNEXT(I 2)
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XTHEN(I.2)- X(I+2)
RHOU(N2) - XNEXT(I 3)
XTHEN(I.3)- X(I+3)
TL(N2) - XNEXT(I 4)
XTHEN(I4)- X(I+4)
TU(N2) - XNEXT(I 5)
XTHEN(I5)- X(I+5)
VOLL(N2) - XNEXT(I+6)
XTHEN(I 6)- X(I6)
VOLU(N2) - XNEXTCI+7)
XTHEN(I+7)- X(I+7)
ZD(N2) - XNEXT(I S)
XTHEN(I+S)- X(I+3)
I -1I.+3

60 CONTINUE
C

LDTPRV - LDT
STATS(NDXSI) - LDT

STATS(NDXS.2) - ITR
C
C TEST TO SEE IF THE NEW LOCAL TIME IS THE OBJECTIVE FOR THIS CALL, IF

C SO RETURN
C

IF(LTIME GE. LTOSJ) RETURN
C
C MORE LOCAL STEPS ARE NECESSARY TO ACHIEVE THE OBJECTIVE. INCREMENT
C INCR TO COUNT SUCCESSFUL INTERMEDIATE STEPS AND IF TWO HAVE BEEN MADE
C TRY DOUBLING THE LOCAL TIME STEP.
C

INCR - INCR + I
NDXS - NDXS + 1

IF(INCR .LT. 2) GO TO 5
LDUM - LTIME + 2 * LDT
IF(LDUM .QT. LTOBJ) GO TO 5
LDT - 2 * LDT
INCR -0
ICUT - ICUT - 1
go TO 5

C
C dONVERGENCE WAS NOT ACHIEVED FOR THIS LOCAL TIME STEP, TRY AGAIN
C WITH LDT OF ONE HALF THE CURRENT VALUE (ROUNDED TO THE NEXT
C HIGHEST INTEGER. ) IF THE CURRENT CUT LEVEL IS THE MAXIMUN
C ALLOWED STOP THE RUN WITH AN ERROR MSG.
C
70 IF( ICUT EQ. MAXCUT ) 00 TO SO

LDT - FLOAT(LDT) / 2. + 0.3
ICUT a ICUT + 1
INCR - 0

CALL SCALE(+o XTHEN, r
GO TO 5

C
80 WRITE(6,101) LTIME, LDT, (X(J), J-iI),(XTHEN(J).J-II)
101 FORMAT(1H1,//2X,28HCONVERGENCE FAILURE IN ATMOS//2X,7HLTIME ,110,

• SHLDT ,I6//(2XSEI.7))
STOP
END
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SUBROUTINE EXTRAP( Xl, X2, X3, N. LDT, LDTP)
C

C OBJECTIVE(S)
C (1) THIS SUIROUTINE LINEARLY EXTRAPOLATES VALUES FROM THE ARRAYS XI
C AND X2 TO THE CORRESPONDING ELEMENTS IN ARRAY X3
C COMMENTS
C (1) ARRAY Xl IS LDTP TIME UNITS PREVIOUS TO X2 AND X3 IS LDT UNITS
C AHEAD
C

DIMENSION X1(120), X2(120). X3(120)
DT - LDT
DTP - LDTP
Cl - DT/DTP
C2 - 1. + CI
DO 10 J-1,N

10 X3(J) - X2(J) C C2 - Cl * X1(J)"
RETURN
END

I "
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SUBROUTINE NkITRAP(X, N. LDT.ICON, ITR)
COMMlON/NEWTON/XJCBc120. 120).UL(120. 120), IPS(120)
CONMON/CNTRL/DELTAT.DELTSP,ECOFLG. WELT. ZDENT(2O),IDTPRV. IPEMS,
1 IPSPR. IPAUX. IRATID. ISAVE. ISCALE. ITIN. ITIME. ITIM2,
2 ZTSPRD. NPASS. TFINAL. IDDUGI. EPSLN, MAX ITR. MAXCUT,
3 JC3UKP
DIMENSION X(120).XNEW(120),(120),H(120)

DH - 0.0001

ICON - 0
KmR - 0

10 CONTINUE

CALL ESET2(X, XNEW N. LOT) .
C

DO 20 11I.N
F(I) - XNEW(I) -XC!)

IF( ADS( F(I) ) LE. FNORM )GO TO 20
FNORM a ABSC FCI)

20 CONTINUE
C

IF( CFNORM .GT. 1. .AND. ITR GT. 0) .OR. ITR .GT. MAXITR) RETURN
IF( FNORM QT. EPSL4 ) GO TO 25
ICON -I
DO 22 Iin1,N

22 X(Z) - XNEWCI)
RETURN

25 CONTINUE

IFC IYR EO. 0) GO TO 27
IF( MODCITR.JCBSMP) NE. 0 )GO TO 50

C
27 CONTINUE

D0 40 J-1, N
SAVE - XCJ)
X(J) - SAVE + D14
CALL EUET2 CX. XNEW. N. LDT)
DO 30 I-In.N

30 XJCDCI.,J) - CXNEW(I) -X(I) - PI) DH O
XC(J) - SAVE

40 CONTINUE
C
50 CONTINUE

C
CALL MSLVC H. F. N

DO 60 I=IN
80 X(I) -XCI) - HM!

XTR - ITR I1
GO TO 10

CN
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SUBROUTrINE MSLV(X. U.N)
COMMON /tEWTON/X.CB(1O. 120),UL(12O. 120. IPS(120)
DIMENSION X(120O.B(12O)
00 3 ZIN
IF( XJC3( 1.I1) .NE. 0. GO TO 3

3 CONTINUE
CALL DECOMP(N)
CALL SOLVE(N.8.X)
RETURN
END
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SUBROUTINE DECOMP CNN)
C
C DECOMPOSES MATRIX A INTO A PRODUCT OF A LOWER-DIAGONAL MATRIX

C L WITH UNIT DIAGONAL ENTRIES AND AN UPPER-DIAGONAL MATRIX U.
C THE OUTPUT MATRICES L AND U ARE BOTH STORED IN UL.
C

DIMENSION SCALES( 120)
COMMON/NEWTON/A( 120. 120).UL(12O. 120). IPS( 120)
N-NN

C
C INITIALIZE IPS.UL AND SCALES
C

DO 5 I-1.N
IPS( 1)-I
ROWNRM -0. 0

C
DO 2 J1I.N
UL(I.J) -ACI.J)
IF (ROWNRM.LT.ABSCUL(I-s)))) ROWNAM ABS(ULCIJ))

2 CONTINUE

IF (ROWNRM. EG.0. ) 0O TO 4
SCALESCI) = 1. /RQWNRM
GO TO 5

4 WRITE(6. 101)
101 FORMAT(2X. 'MATRIX WITH ZERO ROW IN DECOMP')

SCALES(I). 0
5 CONTINUE

C
C GAUSSIAN ELIMINATION WITH PARTIAL PIVOTING
C

NMI1N-I
IF(NMI.LT.1) GO TO 19

C
DO 17 K-l,NMI
BIG. 0

C
DO 11 IinK,N
IP-IPS( I)
SIZE-ABS(UL( IP.K) )*SCALESC IP)
IF(SIZE. LE. DIG) GO TO 11
8IG-SIZE
IDXPIV-I

11 CONTINUE
C

IF (DIG. NE.0. )GO TO 13
12 WRITEC&.102)
102 FORPWAT(2X. 'SINGULAR MATRIX IN DECOMP').

STOP
C
13 IF(IDXPIV.EG.K)GO TO 15

JinIPS (K)
IPS(K)-IPS( IDXPIV)
IPS( IDXPIV)-j

C
15 KP-IPSCK)

PIVOT-UL(KP. K)
KPI=K4I

Do 16 I-KPI,N
IPWIPS( I)
EMn-UL( IP. K /PIVO3T
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UL( IP. i--EMl
Do 14 J-Kpl,N
ULC Ip,,.)oUL( Ip'j).EM*UL(KP. J)

14 CONTINUE
17 CONTINUE

c
IS CONTINUE

MP-IPS(N)
IFCUL(Kp,N). EG-. 0 G TO 12
RETURN
END
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SUBROUTINTH SOLVE(NN.B9.X) FRVCO .WEEAI H RDC

C SOVESTHEMATRIX EQUATION A*X-uFRVCODX HR S H RDC
C OF THE LOWER- AND UPPER-DIAGONAL FACTORS STORED IN MATRIX UL.

DIESOcC2)X10
C IESO (2)X10

COMON/NEWTON/A( 120. 120).UL(120. 120). IPU(120)
N-NN
NPI1N, I

C
IP-ZPSC 1)
X(1)mI(IP)
IF(N. LT. 2) *00 TO 6

C
DO 2 1-n2.N
IPuIPUC I)
IMlI-11
SUMmO.
DO I J-1l.IMI

I SUN-SUM.ULIP,,J)*X(,J)
2 X(I)3B(IP)-SUM

C
4 CONTINUE

IP-IPS(N)
X(N)uX (N) /UL( IP. N)

I F(N. LT. 2) 0O TO 5

DO 4 IBACK-2.N
I-NP 1-IBACK
IP-IPS( I)
IpI-I,1
SUM-0.
Do 3 JIPI,N

3 SUMiSUML(IP,J)*X(J)
4 X(t)in(X(t)-SUII)/UL(IPI)

C
3 CONTIUE

END
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SUBROUTINE SCALE(ISW* X. M)
COMMON/GASES/CHIL( 11. * CHIU( 11.5).CP. NGAS4(1l), NSPCS. PAMBS.PF( 5),
1 RHOAM. RHOL(S). RHOWS5). TA^l.TL(5),TUCS). VOLL(5).
2 VOLU(5)ZD(5h XTHEN(120),WMOLEC(11),TWOC1)-
3 JCOR(120)
DATA AL2/O .931472/
DIMENSION X(120) 2
G0 TO (1,20,10). IUW+2

C
C SCALE DOWN FROM PHYSICAL MAGNITUDES TO SCALED MAGNITUDES (ISW - -1)
C

I DO 5 1-1.1M
I - JCOR(I)

5 X(I) = X(I) / TWO(II) 1
RETURN

C
C SCALE UP TO PHYSICAL MAGNITUDES FROM SCALED MAGNITUDES (ISW + 1)

10 DO 15 I-oM
II - JCOR(I)

15 X(I) - X(I) * TWO(II)
RETURN

C
C RESET SCALE FACTORS AND JCOR ARRAY, (X) INPUT IN PHYSICAL MAGNITUDES.
C (ISW - O)
C

20 CONTINUE
DO 30 I-1,M
TMP - ABS(X(I))

KEXP - 0
IF( TMP NE. 0. ) KEXP - ALOG(TMP)/ALOG2 + 0.5
IF(JIABS( KEXP ) .GT. 50 1 KEXP g JISIGN( 50, KEXP
JCOR(I) "KEXP 51

30 CONTINUE
C

RETURN
END
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SUBROUTINE VENT( IV, PFI.PFJ, ZDI. ZDJ. PUI.RUJ RLI,RLJ,
* GUIJ. GUJI, GLIJ. GLJI)

C
C
C OBJECTIVE:
C (1) SUBROUTINE VENT COMPUTES THE RATES OF MASS FLOW THRU A SINGLE
C VENT BETWEEN COMPARTMENTS I AND J. FOUR NET MASS FLOW RATES
C CAN OCCUR (ALL UNITS ARE LBM/SEC):
C
C GUIJ - FLOW RATE FROM THE UPPER ZONE OF COMPARTMENT I TO THAT OF J
C
C GUJI - FLOW RATE FROM THE UPPER ZONE OF COMPARTMENT J TO THAT OF I
C
C GLIJ *-FLOW RATE FROM TH LOWER ZONE OF COMPARTMENT I TO THAT OF J
C
C GLJI - FLOW RATE FROM THE LOWER ZONE OF COMPARTMENT J TO THAT OF I

C

C THE FOLLOWING QUANTITIES ARE GIVEN IN THE CALL:
C
C IV - VENT ID NUMBER
C
C PFI - PRESSURE (LBM/(FT*SEC**2)) AT FLOOR OF COMPARTMENT I
C
C PFJ - PRESSURE (LBM/(FT*SEC**2)) AT FLOOR OF COMPARTMENT J
C
C ZI - THERMAL DISCONTINUITY POSITION (FT) IN COMPARTMENT I
C

C ZDJ -THERMAL DISCONTINUITY POSITION (FT) IN COMPARTMENT J
C
C RUT - DENSITY OF UPPER ZONE GAS (LBM/FT**3) IN COMPARTMENT I
C
C RUJ - DENSITY OF UPPER ZONE GAS (LBM/FT**3) IN COMPARTMENT J
C
C RLI - DENSITY OF LOWER ZONE GAS (LBM/FT**3) IN COMPARTMENT I
C

C RLJ - DENSITY OF LOWER ZONE GAS (LBM/FT**3) IN COMPARTMENT J
C
C COMMENTS:
C (1) THE VENT ID NUMBER INDEXES THE VENT GEOMETRY THRU COMMON /GMTRY/
C
C (2) FLOOR LEVELS IN EACH COMPARTMENT ARE ASSUMED EQUAL
C
C (3) UPPER ZONE GASES FLOW ONLY TO THE OPPOSITE UPPER ZONES AND LOWER
C ZONE OASES FLOW ONLY TO THE OPPOSITE LOWER ZONES.
C ------- - -----------------------
C

COMMON/GMTRY/IMATL(20). IMATS(7), IMTLP(4). IMAX(30). IMIN(30),
1 IRAY(116). IRAYS(22). JMAX(30).JMIN(30),LSN.MAXELINS,
2 CHCL(4),CW,DWSHSTSIARX(40,15).IARY(40,12),ICLL°
3 ICLR, IEND, IFIRL, IFIRR. ILSTL, ILSTR. IONE(9)0
4 ISSWLI(9,10),ISSWLJ(9,10).ISSWRI(9.10),ISSWRJ(9,10).
5 ISWSL (15. 8), ISWISR (15. 9). ISTART, NPROJ# IPJUL, IPJLL,
b IPJUR, IPJLR, JEND. JONE(9),JSTART. NJS. NSG. NV. SQWD(9),
7 SL.SWD(20).VN(20.3).VENTH(24),VENTW(24),VENTT(24),
S XMN(30).XMX(30),XCOR(9),YCOR(9),Z(30).SSGWD.TVSG.
9 HT1,HT2, HT3,HT4(1O).NSSTSSLSW.SX(30).SZ(30).
1 CNCTNS(24).NCOMPSIFRCMPFLOW(24).INTO(24),VTOTAL(4),

COMION/PARAMS/QRAV, PI, QTR, RGAS, SI GMA SOD, THOU, TOL, EC, EP
COMMON/CNTRL/DELTAT, DELTSP, ECOFLG, IDELT. IDENT(20), IDTPRV. IPEMS.
I IPSPR, IPAUX. IRATIO ISAVE, ISCALE. ITFIN. ITIME ITIM2.
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2 ITIPED. NPASS, TFINAL. IDDUQI. EPSLN. MAXITR, MAXCUT.
3 JCBSPP
DIMENSION ZL(7),ZN(4),ZX(7),DP(7),RO(7)
DATA ORFC/0. 6U/

C
C INITIALIZE THE ARRAY OF NEUTRAL PLANE POSITIONS, ZN. AND COMPxUTE THE

C FLOOR PRESSURE AND ZONE DENSITY DIFFERENCES.
C

GUIJ • 0.
OLIJ •0.
UWJI 1 0.

GLAJ 0.
DO 5 1-1,4

9 ZN(I) -- 9.
DP F PFI PFJ
DRULL eLI - RLJ
DRLU R eLI- RUJ

DRUL * RUI - RLJ

DRUU RUI RUJ
C COMPUTE THE POSITIONS OF ALL POSSIBLE NEUTRAL PLANES BETWEEN I AND J

C
XX - DPF / CRAV
IF(DRLL .NE. 0. ) ZN(l) * XX I DlLL

IF(DRUL .NE. 0.) ZN(2) I (XX 4 ZD * (RUI - RLI) ) / DRIUL

IF(DRLU .NE. 0. ) ZN(3) * (XX ZDJ * (RLJ - RUJ) ) / DRLU

IF(DRUU NE. 0.) ZN(4) * (XX * ZDI * (RUI - RLI) ) / DRUU

C ELIMINATE THE PHYSICALLY XIMPOSSISLE NEUTRAL, PLANES
C

IF( ZN(t) .GT. ZDI ) ZN(1) --.
IF( ZN(2) .LT. ZDI ) ZN(2) - -99.

IF( ZN(3) LT. ZD.J ) ZNt3) - -99.
IF( ZN(4) .LT. ZDI ) ZN(4) - -99.

C

C FIND THE UPPER, ZVU. AND LOWER. ZVL, LIMITS OF THIS VENT (FT)

C
ZVU - VENTT(IV)
ZVL - VENTT(IV) - VENTH(IV)

ZL(1) a ZVL
C
C LOAD THE LIST ZX WITH ANY EXISTING NEUTRAL PLANE BETWEEN ZVL 

AND ZWU

C
IC - 1

C
DO 10 11-25
XX - ZN(II-1)
IF( (XX LT. ZVL) -OR. (XX .QT. ZVU) ) GO TO 10

IC - I
ZX(II) - XX

10 CONTINUE
C

C ADD ZDI AND/OR ZDJ TO THE LIST ZX IF THEY ARE IN THE VENT OPENING

C
IF( (ZDI .LE. ZVL) .Ol. (ZD E. ZVU) ) 00 TO 20

IC - IC + I
ZX(IC) a ZDI

20 IF( (ZDJ .LE. ZVL) .Ol. (ZD.J .. ZVU) ) 00 TO 30

IC - IC + I
ZX(IC) " ZDJ

30 CONTINUE
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IC - IC + 1
ZL(IC) ZVU

C
C SORT THE LIST ZX INTO THE LIST ZL
C

IF( IC .LT. 4 ) GO TO 60
DO 50 IK-2. IC-1
J4-2
ZL(IK) - ZX(2)
DO 40 IL-3, IC-I
IF( ZL(IK) .LT. ZX(IL) ) GO TO 40
ZL(IK) - ZX(IL)
JJ - IL

40 CONTINUE
ZX(4J) - ZVU + 1.

50 CONTINUE
60 IF( IC EQ. 3 ) ZL(2) - ZX(2)

C
C COMPUTE THE PRESSURE DIFFERENCE BETWEEN COMPARTMENTS AT EACH ZL
C NOTE THAT DP > 0 -> PRI > PR1
C

DO 70 K-1,IC
PRI - PFI - RLI * GRAV * ZL(K)
IF(ZL(K) GT. ZDI) PRI - PFI + GRAV*(ZDI* (RUI-RLI) - RUI*ZL(K))
PRJ - PFJ - RLJ * GRAV * ZL(K)
IF(ZL(K) GT. ZDJ) PRJ - PFJ + GRAVe(ZDJ* (RU-RLJ) - RUJ*ZL(K)1
DP(K) - PRI - PRJ

70 CONTINUE
C
C BASED ON THE SIGN OF DP AT EACH LEVEL SELECT THE DENSITY OF THE
C FLOWING GAS
C

DO 90 KI-2, IC
IF( (DP(K) .GT. 0.) OR. (DP(K-1) GT. 0.) ) GO TO 80
RO(K-1) - RLJ
IF( ZL(K-1) .GT. ZDJ ) RO(K-1) - RUJ
GO TO 90

80 RO(K-I) - RLI
IF( ZL(K-1) GT. ZDI ) RO(K-1) - RUI

90 CONTINUE
C
C BASED ON THE VALUE AND SIGN OF DP AT EACH ZL COMPUTE THE FLOW RATE
C BETWEEN EACH PAIR OF ZL'S. ASSIGN THE FLOW RATE TO THE PROPER OUTPUT
C VARIABLE BASED ON ZL(K) AND ZDI, ZDJ.
C

DO 120 K-2, IC
IF ( (DP(K) EQ. 0. ) AND. ( DP(K-1) EQ. 0.) ) CO TO 120
DDP * ADS(DP(K)) - ABS(DP(K-1))
IF( DDP NE. 0. ) GO TO 100
XX - 1.414214 * ORFC * VENTW(IV) * (ZL(K) - ZL(K-I))
XX - XX * SORT( ASS(DP(K)) * RO(K-1)
0O TO 110

C
100 AA - DOP / (ZL(K) - ZL(K-I))

Be - 0.
IF( DP(K) NE. 0. ) 8 - ABS(DP(K)) )**1.5
CC - 0.
IF( DPCK-1) NK. 0. ) CC - C A2B(DP(K-1)) )*41.S
XX a 0.9429090 * ORFC * VENTW(IV) * SORT( RO(K-I) ) / AA
XX - XX * ( 13 - CC)

C

A-74



110 IF((DP(K) + OP(K-1)) LT. 0. ) GO TO 114
IF( ZL(K) GT. ZDI ) GO TO 112
GLIJ - GLIJ + XX
GO TO 120

112 OUI4 - GUIJ + XX
GO TO 120

114 IF( ZL(K) QT. ZDJ ) 0O TO 116
GLJI a GLJI + XX
GO TO 120

11b GUJI - GUJI + XX
120 CONTINUE

C
C

RETURN

END
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SUBROUTINE PLUME(ZD, RO, TT, CHI, NSPCS, IC, QPENT, CPENT, EPENT)
COMMONFIRES/AFM(7).ASM(7),ISTATE:120. 15). ISTATS(9. 16.22).
I IWORD(120. 15). IWORDS(9. 16,22).NFLM(7),NPYR(7).
2 RGS(10.7),RSS(7).TOTQAS(1O).TOTSEM,TRGF(10),
3 TRGS(10),TRSFTRSS,NCE(30).VITNR.TOTVIT,RADFIR(30),
4 ACM(7),AF(30),AFI,AEXP,COMB(30),DOM4,FLNL(30),FSN1,
5 FSN2,FSN3,GAMMA(30). IBURN. !F(600). IGMNI. IGMN). IGMXI,
& IGMXJ. ZONFIR. IGNIJ)(2. 100). IGSN. ISFIRE(30). IYMAX(30),
7 IVMIN(30). IVMN. lyNX.IXFIRE, !ZONE(30),J)VMAX(30),
a JVM IN (30). JVMN. JVMX, K, NFE (30). NF IRES, NIJC, NIJSQ.
9 NPE(30),NSFLC7).OMEGA(3O),PDH,PIGN.RF(20,4),RFS(7,4),
I RFWS,RQF(10,7),RGFK(10).RHOZ(30).RSF(7).RSFKTD.
2 TDURNI,UZ(30),YZC3O).ZB(30).RHOEFG,CHIEF(I1).
3 FLOWIN. FLWOUT. TEFG* IFRYNT, GENRAT(11),TDGMTL(7),
4 TPC7),TPC(7)
COMPWON/PARAMS/GRAV., GTR, RGAS. SIGMA, SOD.THOU. TOL. IC.EP
COMMON /PRTCMN/ ASRFUZ(22. 4). ASRFLZ(22, 4). CVFLWU(22,4).

* CVFLWL(22,4),RDFLWU(22,4)RDFLWL(22,4),
* VTFLWV(24.2).VTFLWEC24.2).FBVDOT(30),
* FSSDOIT(11.30),FBQDOT(30),FRENTR(30)

DIMENSION CHIC11.4). CPENT(11)
DIMENSION GEPC3O), CEPCX1130), EEP(30)

C
GPENT -0.
EPENT a 0.
Y02 - CHI(2, IC)
DO 10 1-1,NSPCS

10 CPENT(I) - 0.
C
C IF THERE ARE NO CURRENT FIRES RETURN
C

IF( NFIRES EQ. 0. ) RETURN
C

DO 50 N1.,NFIRES
C
C IF THIS FIRE BASE IS IN THE UPPER ZONE. THERE WILL BE NO
C ENTRAINMENT SO SKIP TO END OF LOOP
C

IF( IZONE(N) EQ0. 2 ) GO TO 50
C
C INITIALIZE ENTRAINMENT RATE VARIABLES (MASS, SPECIES, AND ENERGY)
C FOR EACH FIRE

GEP(N) -0.
EEP(N) -0.
DO 20 1i1,NSPCS

20 CEP(IN) -0.
DMEC - 0.
DMEP -0.

TI a RHOZ(N) * UZ(N) / CR0 * SGR-T( GRAV * YZ(N) )))**0.4
T2 aOMEGA(N) * RO /RHOZIN) + GAMMA(N) / Y02
22 - ZD - Z1(N)
IF( 22 LE. 0. ) GO TO 30

C
IF( ZZ .QT. COMB(N) ) 2 - COMB(N)
FR a UZCN) * UZ(N) /CGRAY * YZ(N)
T3 a AP(N) * UZ(N) 00A * ON&GA(N)

T4 = ( 0.42 *( 1.0 - OMEGA(N) ) )/( EC * FR * OMECA(N)**3))**0.2
DMEC T3 * ((C 0.9 EC * T4 *( 2 / YZ(N) ) + 1.) *42.5) -1.)
IF( ZD LT. (23(N) + COMD(N)) )GO TO 30
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C
T- (EC /(SGRTC(1. -0MEGA(N))*OMEGA(N)**3) **.

T4- U (C(. + GAMMA(N) I Y02 )**5) / T2) **0.1

YS 1. 19 * YZCN) * T3 * T4 TI
T3 a ( YZ(N) / YS .**2
T4 - 1. + ( GAPIMA(N) / Y02 ( OPIEGA(N) RO /RHOZ(N)
XCMUS a UZ(N) * T3 *T4

RHOS RO *O;EQAN) * (. +, MA / Y02)/T2 -1.

T3-PE *YNSDMS*R

T4w(.65 E A.-7 ( HSR F)*0

ITM O Z(N OBNDMEPa T (12*EPT4*(ZTMP/Y) +1.)*1.6667 1.



SUBROUTINE CONV(IC. ZD., TU. TL, GU. QL)
C

C OBJECTIVE
C (1) CONV COMPUTES THE CONVECTIVE HEAT TRANSFER RATE FROM THE UPPER
C AND LOWER ZONE GAS TO CABIN SURFACES
C
C GU - TOTAL CONVECTIVE TRANSFER RATE FROM UPPER ZONE (ITU/SEC)
C
C OL - TOTAL CONVECTIVE TRANSFER RATE FROM LOWER ZONE (BTU/SEC)
C
C IC - COMPARTMENT NUMBER
C
C ZD - THERMAL DISCONTINUITY POSITION (FT)
C
C TU = UPPER ZONE OAS TEMPERATURE CR)
C
C TL = LOWER ZONE GAS TEMPERATURE (R)
C
C/ -- - ---------- ---------------------------------

C
COMPION/MATLS/TADX( II.7. 6). TADYC 16. 7.6).NTXO. FOXI. RADTAB(7). RAVE,
1 FOX(7).NMATLS.DQZ.DQM(7),GAMI,GTA(7).ITF(20)ERAIPT,
2 ITFC(20). ITFCS(7). ZTFS(7). ITP(2O). ITPC(20). ITPCS(7),
3 ITPEc20iITPES(7,.ITPS(7.G(CI,QPC7),GTAB(7,RHI,
4 RHOIM(7),RSI.RTADC7).RTGI(1O),UTAB(7),CNDCTY(7),XMUI
5 XMFITKNS(7).TSL(30,2,4),TSP(2,2,4),CPM(7),WMMTL(7),
6 WNIGF.TKNSIN(7)
COMMON/GMTRY/IMATL(20), IMATS(7). IMTLP(4). !MAX(3O). IPIN(3O).
1 IRAY(116),IRAYS(22),JMAX(30),JMIN(30).LSN.MAXELI.NS,
2 CH.CL(4),CW.DWS.HSTS.IARX(40,15),IARY(4O.12).ICLL,
3 ICLR. lEND. IFIRL. IFIRR. ILSTL. ZLSTR. IONE(9),
4 ISSWLI(9,10),ISSWLJ(9,1),ISSWRI9,1)ISSWRJ91)
5 ISWSL(I5.Sh ISWSR(15,9). ISTART.NPROJ.IP-JUL. IPJLL-
6 IPJUR. ZPJLR. AND. JONE(9). JSTART. N.JS. NSG. NV. SGWDC9).
7 SL.SWD(20) VN(20.3),VENTH(24).VENTW(24),VENTT(24),
a XMNL-30).XMX(30),XCOR(9),YCOR(9),Z(30).SSQWDTVSG,
9 HTI,HT2.HT3.HT4(1O).NSSTS,SLSW.'SX(3Oh.SZ(30),
I CNCTNS(24),NCOMPS.IFRCMP.FLOW(24).INTO(24),VTOTAL(4),
2 FH#11N
DATA H/5. SE-4/

C
GU - 0.
OL - 0.

C
DO 10 Iu1.LSN
CALL COVER(I, IC, ZD, AUJ. AL)

GLI - GU + H * AU * (TSL(I.2. IC) - TV)
G- QL + H * AL * (TSL(I,1.IC) - TL)

10 CONTINUE
C

CALL XSEC( ZD AUPT, ALPT
GU = OW + H * AUPT * (TSPC1.2. IC) - TV + TSP(2.Z. IC) - TV)
OL = OL + H * ALPT * (TSP(1.,1.IC) - TL + TSP(2. 1. IC) - TL)

C
RETURN
END
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SUBROUTINE COVERCIS, IC. ZD, AU, AL)
C

C OBJECTIVE
C (1) COVER COMPUTES THE AREA OF EACH CABIN LINING SURFACE COVERED BY
C CONTACT WITH EITHER OR 3OTH GAS ZONES.
C
C IS - LINING SURFACE NUMBER
C
C ZD -DISCONTINUITY POSITION
C
C AU - AREA (FT*FT) OF SURFACE IS IN CONTACT WITH UPPER ZONE
C
C AL - AREA (FT*FT) OF SURFACE IS IN CONTACT WITH LOWER ZONE
C
C SLN- COMPARTMENT LENGTH
C

C
COMMON/MATLS/TABX(19. 7. 6).TABYC 18. 7.6).NTXG. FOXI. RADTAB(7), RADII
I F0X(7)NMATLSDGIDM7,GAMIGTAI.7),ITF20IRAlPT,
2 ITFC(20).ITFCS(7),ITFS(7),ITP(20).ITPC(20),ITPCS(7).
3 ITPE(20),ITPES(7),ITPS(7).GCI.QPC7).GTA(7)RHOI,
4 RHOP(7).RSI,RTAD(7).RTGI(IO),UTAB(7).CNDCTY(7).XMUI.
5 XMFI,TKNS(7).TSL(30,2,4),TSP(2,2.4h.CPI(7).WMMTL(7),
6 WMIGF.TKNSIN(7)
COMMON/GMTRY/IMATL(20),IMATS(7),IMTLP(4), IMAX(:30),IMIN(30).
I IRAY(116). rRAYS(22)JMAX(30)JM1N30,LSN,MAXELZ,NS.
2 CH,CL(4).CW.DWS,HSTS.IARXC40.15).IARY(40.12).ICLL
3 ICLR. lEND, IFIRL, lFZRR. ILSTL. ILSTR. IONE(9),
4 ISSWLI(9,1O).ISSWLJ(9,1O),ISSWRI(9,10),ISSWRJ(9,10).
5 ISWSL(15. 8), ISWSR(15. 9. ISTART.NPROJ, IPJUL. IP,.LL,
6 IPJUR. IPJLR, JEND. JONE(9), JSTART NJS, NSG. NV. SGWDC9),
7 SL- SWD(20)AJN(20.3).VENTH(24),VENTW(24).VENTT(24),
a XPN(30),XMX(30),XCOR(9),YCOR(9).Z(30),SSQWD.TVSG.
9 HTI,HT2,HT3,HT4(10).NSSTS.SLSW.SX(30),SZ(30),
I CNCTNSC24).NCOMPS, IFRCMP,FLOW(24). INTO(24),VTOTAL(4),
2 FHMIN

C
SLN -CL(IC)

C
IF( (SZ(IS) GE. ZO) AND. (SZ(IS.1) GE. ZD) )GO TO 10
IF( (SZ(IS) .LT. ZD) AND, (SZ(1S+I) .LT. ZD)) GO TO 20

C
AU - SLN * (SZ(IS) - ZD)
AL - SLN * (ZD - SZ(IS+lfl

C
IF( SZ(!S) .GT. SZ(IS+I) ) RETURN

AL -- AU
AU - SLN *(SZ(IS+1) - ZD

C
RETURN

C
10 XX aABS( SZ(IS+1) - SZ(IS)

IF( XX LT. 0.5 ) XX a ABS(SX(IS+I) -SX(IS)

AU - SLN *XX

AL -0.
RETURN

C
20 XX mASS( SZ(IS.1) - SZ(IS)
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IF( XX LT. 0 5 XX -ABS( SX(IS.I) -SXCIS)

AL - SLN *XX
AU a 0
RETURN

END
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SUBROUTINE XSEC( ZD, AREA
C
C/,-----------------------------------
C OBJECTIVE:
C (1) XSEC COMPUTES THE CROSS-SECTIONAL AREA OF THE LOWER GAS ZONE
C GIVEN THE THERMAL DISCONTINUITY POSITION ZO (FT). EFFECT OF SEATS
C NOT INCLUDED.
C
C AREA = LOWER ZONE CROSS SECTIONAL AREA (FT*FT)
C
C,--------------------------------------------------------------------------

COMM'ON/GMTRY/ IMATL(20 ),*IMATS(7). IMTLP (4),IMAX (30). IMIN( 30).
1 IRAY(116).IRAYS(22)..JMAX(aO),JMIN(30),LSN.MAXELZ.NS,
2 CH,CL(4).CWDWS.HSTS,IARX(40,15ShIARY(40, 12). ICLL,
3 ICLR. lEND. IFIRL. IFIRR. ILSTL, ILSTR, IONE(9),
4 ISSWLI(9. !O),ISSWLJ)(9. 10). ISSWRI(9. 10). ISSWRJ)(9. 10).
5 ISWSL(15. 9).ISWSR(15, 9), ISTART.NPR,. IPU)UL, IPJLL,
6 IPJUR. IPJLR.JEND. JONE(9). ,JSTART NJS.NSG. NV, SGWD(9).
7 SL,SWD(20),VN(20,3),VENTH(24),VENTW(24).VENTT(24).
a XMN(30),XMX(30),XCOR(9),YCOR(9).Z(30),SSOWD.TVSQ,
9 MTI,HTLHT3,T4(10),NSSTS,SLSW,SX(30).SZ(30).
I CNCTNS(24),NCOMPSIFRCMPFLOW(24),INTO(24),VTOTAL(4),
2 FHMIN

DIMENSION Y(21)
C

LSNX = LSN 1
C

DO 10 IIl,LSNI
Y(I) - SZ(I)

10 CONTINUE
C

SUM - 0.
C

DO 20 11I.LSN
20 SUM - SUM *SX(I) *Y(r.1) -SX(I+1) *Y(.I)

AREA - 0.5 SUM-
C

RETURN
END
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SUBROUTINE P1OS(l, NSPCS, GFB, CF3. EF9.)

C OB.JECTIVE
C (1) FIRE FINDS THE TOTAL RATES OF EMISSION OF MASS, SPECIES, AND
C ENERGY AT THE BASE PLANES OF ALL FIRES IN-COMP 1. SM'OKE AND GAS
C GENERATION BY SMOLDERING SPOTS IS INCLUDED IN THE TOTAL SPECIES
C RATE
C
C GFB - TOTAL PYROLYSIS (MASS GENERATION) RATE (LDM/SEC)
C
C CFB - TOTAL SPECIES GENERATION RATE (SMOK~E AND GASES)
C (LBM/SEC FOR GASES, PART/SEC FOR SMOKE)
C
C EFB - TOTAL ENERGY (HEAT) GENERATION RATE (BTU/SEC)
C
C/-------------------------------------------------------------------------------
C

COMMON/FIRES/AFM(7),ASM(7). ISTATE(120, 15), ISTATS(9. 16.22),
1 IWORD(120.15),IWORDS(9,16,22).NFLM(7).NPYR(7).
2 RGS(IO.7).RSS(7)TOTAS(O)TOTSEMTRGF:lO)
3 TROSC1O),TRSFTRSS.NCE(30).VITNR.TOTVITRAFIR(30).
4 ACM(7),AF(30),AFI,.AEXP.COMB(30),DGK.FLML(3O),FSN1.
5 FSN2.FSN3.GAMMA(30). IDURN. IF(600). IGMNI. IGMNJ. IGMXI,

6IGMX,. IGNFIR. IGNIJ(2. 100). iGsN. SFrRE(30). IVN4AX(30).
7 IVMIN(30). IVMN, IVMX. IXFIRE. IZONE(3O),JVMAX(30).
8 )VMIN(30),,JVMN,,VMXK.NFE(30),NFIRESNIJCNIJSG'
9 NPE(30),NSFL(7),OMEGA(30),POH.PIGN.RF(20,4).RFS(74).
I RFWS.RGF(10,7),RGFK(1O),RHOZ(30).RSF(7),RSFKTD.
2 TBURNIUZ(30),YZ(30).ZB(30).RHOEFG.CHIEFG(11).
3 FLOWIN.FLWOU'tTEFG, IFRVNT, GENRAT(II), TDGMTL(7),
4 TP(7).TPC(7)
COMMON /PRTCMN/ ASRFUZ(22. 4). ASRFLZ(22. 4). CVFLWU(22. 4).

* CVFLWL(22..4).RDFLWU(22.4).RDFLWL(22,4),
* VTFLWV(24,.2).VTFLWE(24,2),FBVDOT(30),
* FBSDOT(11.3OhFUODOT(30).FRENTR(30)

DIMENSION CFB(U1)

C INITIALIZE TOTAL GENERATION RATES

GFB - 0.
EFB - 0.
DO 10 N-i. NSPCS

10 CFB(N) - 0.
C
C IF THERE ARE NO CURRENT FIRES RETURN
C

IF( NFIRES .EQ. 0 ) RETURN
C
C TOTAL RATE OF PYROLYZATE MASS ADDITION IS FOUND BY SUMMING OVER ALL
C FIRE BASES
C

DO 20 NinI.NFIRES
20 GFB - GF8 RHOZ(N) * UZ(N * AF(N

C TOTAL RATES OF GAS AND SMOKE GENERATION HAVE BEEN SET IN SUBR AFP
C UPSTREAM FOR'THIS TIME STEP. RATES INCLUDE BOTH FLAMING AND SMLDRNG.
c

NX aNSPCS - I
DO 30 JmlNX

30 CFB(J) aGENRAT(J)
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CFB(NSPCS) TOTSEM
C
C TOTAL HEAT RELEASE HAS BEEN FOUND IN SuBR TEST UPSTREAM

C
EFB a TDO

CSAVE THE VOLUME RATE OF FUEL VAPOR CENERATION AT THE FIRE BASE

C
0O 40 N'.I.NFIRES

C40 FBVDOT(N) =UZ(N) *AF(N)

RETURN

END
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SUPROL'TTNE ESET! X, XJEW, NVAR. L:T
COMMONr'MTRyi.MATL(2-O). MATS(7). IMTLP 4), IMAX(30). IMIN(30),

I ~IRAY(116) IRAYS(2'2),JMAX(30),JMIN(30),LSN,MAXELI,NS,
2 CH,CL(4CWDWS,HSTSIARX(40,15).IARV(40,1'2).ICLL,
3 ICLR. lEND. tFIRL. IFIRR. XLSTL. ILSTR. IONEC9),
4 ISSWLI(9,1O),ISSWL,J(9.1O),ISSWRI(9,1O),ISSWRJ(9,10),
5 ISWSL(15.8),ISWSR(15.8). ISTART,NPRO,.IPJVL.IPJLL,
6 IPJUR. IPJLR. JEND. JONEC9). JSTART N.JS. NSG. NV, SGWD(9),
7 SL,SWD(2O),VN(20,3),VENTH(24),VENTW(24),VENTT(24),
a XMN(30).XMX(30),XCOR(9).YCOR(9),Z(30).SSWDTVSG,
9 HTIHT2,HT3.HT4(1O).NSSTS,SLSW.SX(30).SZ(30),

1 CNCTNS(24).NCOMPS,IFRCMP.FLOWC24),INT0C24),VTOTAL4).
2 FHMIN
CDMMON/CNTRL/DELTAT. OELTSP. ECOFLG. bELT. IDENT(20). IDTPRV. IPEMS,
I IPSPR. IPAUX. IRATIO. ISAVE. ISCALE. ITFIN, ITIME. ITIM2,

I TSPRD. NPASS, TFINAL. IDJIUGI. EPSLN. MAX ITR. MAXCUT,
3 JCBSKP
COMMON/PARAMS/GRAV. P1, GTR, RGAS. SIGMA. SOD. THOU, TOL. EC. EP
COMMON/GASES/CHIL( 11.5). CHIUC 11.5). CP.NGAS( 11).NSPCS. PAMS. PF(5),
1 RHOAM.RHOL(5),RHOU(5).TAMTL(5),TU(5),VOLL(5),
2 VOLU(5).ZD(5),XTHEN(120).WMOLEC(II),TWO(1OI),
3 JCOR(120)
COMMON/FIRES/AFM(7).ASM(7), ISTATEC 120. 15). ISTATS(9. 16.22).
I IWORD(120.I5),IWORDS(9,16.22),NFLM(7).NPYR(7),
2 RGS(10.7).RSS(7),TOTGAS(1O),TOTSEMTRQF(I0).
a TRGS(10),TRSF.TRSS,NCE(30),VITNR,TOTVIT.RADFIR(30),
4 ACM(7),AF(30),AFI.AEXP,COMB(30),DGK.FLML(30),FSN1,
5 FSN2,FSN3,GAMMA(30). IBURN. IF(600). ZOMNI. IGMNJ. IQMXI,

6 IGMXJ.IGNFIR.IGNIJ(2.100).IGSN. ISFIRE(30). IVMAX(30),
7 IVMIN(30).IVMN.IVMXIXFIRE,IZONE(30),JVMAX(3O),
a JVMZN(30),JVMNJVMX.)4.NFE(30),NFIRES.NIJCNIJSO.
9 NPEC3O). NSFL(7). OMEGA(30). PDH. PIGN. RF(20. 4). RFS(7. 4).
I RFWS.RGF(I0. 7).RGFK(10).RHOZ(30).RSF(7),RSFK.TDG.
2 TBURNI,UZ(30).YZC3O),ZB(30).RHOEFG.CHIEFG(11),
3 FLOWIN. FLWOUT. TEFG. IFRVNT. GENRATC 11).TDGMTL (7).
4 TP(7),TPC(7)
COMMION /PRTCMN/ ASRFUZ(22.4). ASRFLZ (22. 4). CVFLWU(22. 4).

* CVFLWL(22,4),RDFLWU(22,4).RDFLWL(22,4),
* VTFLWV(24,2),VTFLWE(24.2),FBVDOT(30).
* FBSDOTC1I,30),FBODOT(30),FRENTR(30)

DIMENSION XC 120). XNEW( 120)

DIMENSION XCHIL(i1,5),XCHIU(11,5),XPF(5),XRHOL(5),XRHOU(5)
DIMENSION XTUC5),XTL(5),XVOLU(5),XVOLLC5),XZD(5)
DIMENSION GVU(5), GYL(5)
DIMENSION CVU(1I..5), CVL(11,5)
DIMENSION EVUCS). EVL(5). GCVNU(4), GCVNL(4), GRDU(4). GRDL(4)
DIMENSION CFBI), CPENT(11)

1C

DIMENSION RHSCU(4). RHSCL(4). RHSSU(11,4). RHSSL(1l.4)
DIMENSION RHSEU(4). RHSEL(4)
DIMENSION TMASSUC4), TMASSL(4)h SPCSU(11.4), SPCSL(11,4'
DIMENSION ENRGYU(4), ENRGYL(4)

C
LOGICAL FIRST

C
C THE SWITCH 'FIRST' IS USED TO DIRECT THE EVALUATION OF THE
C CONSERVATION EQUATIONS. IF FIRST w TRUE EVALUATION 1S FOR TIMM T,

C IF FIRST a FALSE EVALUATION IS FOR TIME T + DT.
C

FIRST - TRUE.
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C
C VARIABLES RmSCU, , RHSEL STORE THE RIGHT HAN;D SIDES OF THE
C CONSERVATION EQUATIONS EVALUATED AT TIME T.
C

DO 10 N-INCOMPS
RHSCU(N) = O.
RHSCL.N) - 0.
RHSEU(N) - 0.
RHSEL(N) - 0.

DO 5 J-i.NSPCS
RISSU(JN) a 0.

5 RHSSL(JN) - 0.

10 CONTINUE
C

GO TO 20
C
C ENTRY ESET2 IS USED FOR EVALUATION OF THE VARIABLES AT T D DT.
C

ENTRY ESET2( X. XNEW, NVAR, LOT
FIRST - .FALSE.

C
20 CALL SCALEC+I, X. NVAR)

C
C CONVERT LOT TO THE TIME STEP, DT, IN SECONDS.
C

DT a LOT
DT DT / 1000.

C

C TRANSFER (XI TO LOCAL WORKING VRBLS WITH DESCRIPTIVE NAMES
C

IsO
DO 30 N2-i.NCOMPS
0 25 NII,NSPCS
I11 +1

25 XCHIL(NI.N2) a X(I)
DO 27 NI-IoNSPCS
I-I+1

27 XCHIU(Ni.N2) a X(e)
XPF(N2)- - X(I+1)

XRHOL(N2) - X(I+2)
XRHQU(N2) - X(I+3)
XTL(N2) aX(1+4)

XTU(N2) - X(1+5)
XVOLL(N2) X(I+6)
XVOLU(N2) - X(I.7)
XZD(N2) X(I+S)

30 1-I+a
C
C TRANSFER THE VALUES FOR THE EXTERIOR COMPARTMENT
C

DO 32 NlmINSPCS
XCHIL(Ni,5) - CHIL(NI,5)

32 XCHIU(N1.5) - CHIU(Ni,5)

XPF(5) - PFC5)
XRHOL(5) - RHOL(S)
XRHOU(5) - RHOU(5)
XTL(5) - T.(5)
XTU(5) - TU(5)
XZD(5) a ZD(5)

C
C INITIALIZE MASS, SPECIES, AND ENERGY TRANSFER TERMS

A-85



C
DO 50 li, NCOM~PS
GVU(Il wu0
OVL(l) - 0.
D0 40 jin1,NSPCS
CVUCJ.I) - 0.

40 CVL(J.I) - 0.
C

EVUCI) -0.
EVL(I) - 0.
OCVNL(I) a 0.
0CVNUCI) - 0
GRDU(I) - 0.
OROLCI) - 0.

50 CONTINUE
C

OUI~J - 0.
GLI.J - 0.
GUJI -0.
GLJI - 0.

C THIS LOOP OVER ALL VENTS ESTABLISHES THE FLOWS OF MIASS, SPECIES, AND
C ENERGY. ARRAY CNCTNS SHOWS WH4ICH VENTS CONNECT WHICH COMPARTMENTS.
C COMPARTMENT 5 IS TH4E EXTERIOR ALWAYS.

DO 90 IVml.NV

I a CNCTNSC IV) /10.
J - CNCTNS(IV) -I * 10
IF( FLOWI IV) NE. 0. ) GO TO 70
IF( IV EG. IFRVNT ) GO TO SO

C
C SU9R. VFNT FINDS FLOW RATES BETWEEN COMPARTMENTS AND TO/FROM
C THE OUTSIDE.
C

CALL VENT( IV. XPF(I). XPF(.J). XZD(I). XZD(J). XRHOU(I). XRHOJ(J).
XRHOL(I), XRHOLJ), GUIJ, QUJI. GLIJ. QL.I

C
C SAVE THE NET FLOWS OF VOLUME AND ENERGY FOR LATER PR INT OUT
C
55 CONTINUE

VTFLWV(IV,2) - AUS( ( GUI.J / XRHOUI(I) ) - ( QU.JI / XRHOUCJ)))
VTFLWV(lV,1) - ADS( ( OLIJ / XRHOL(I) ) - C GUJI / XRHOLCJ)))
XEIJU - GUI~J * CP * XTU(I)
XEZrJL - GLX.J * CP * XTLCI)
XE.JIU - GUJI * CP * XTU(.J)
XEJIL - GUJI * CP * XTL(j)
VTFLWECIV.2) - ADS( XEIJU - XEJIU)
VTFLWECIV.I) - ABS( XEIJL - XEJIL)

C
C COMPUTE MASS, SPECIES. AND ENERGY FLOW RATES BY COMP. AND ZONE
C

ovuCII QvCJ(i) - ouij + GuJi
GVLCI) -. OVLCI) - GUI.) + GLJI
OVU(J) - GVU(.J) - OUJI + GUI.)
GVLC.J) a GVLCJ) - GL.JI +GLI.)

DO 6O KK-I.NSPCS
CVU(M*.1) - CVU(KK.I) - GUI.) XCHZU(KK.1) + GU'JI axcHIUlMM.J)
CVL(KKZ.) a CVLCI'KI) - GLIJ *XCHIL(KK.1) + GUJI *XCHILIU',J)
CVU(KK..)) - CVU(KK..J) - GUJI *XCHIU(KK..fl + GUIJ *XCHIU(KKI)
CVL(KK.J) - CVLCKK.J) - GUJI *XCHIL(IKK..) +OLIJ 4XCHIL(KKI)
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60 CONTINUE
C

EVU(I) = EVU(I) - GUI~J * CP * XTU'!) + GUJ)I * CP * XTU(J)
EVLWl EVL(I) - GLIJ * CP * XTLUl) + GLJI * CP * XTL(J)
EVU(J) - EVU(J) - GVJI * CP * XTU(J) + GUI.) * CP * XTU(I)
EVL(J) - EVL(J) - GLJI * CP * XTL(j) + GLI.) * CP * XTLCI)
GO TO 90

C FORCED (PRESCRIBED) PLOW VENT
C
70 ZZ - XZD(I)

IF( INTO(IV) .EQ. I ) ZZ = XZD(J)
FCTR - 1. + ( ZZ -VENTT(IV )/ VENTHCIV)
IF( FCTR GT. 1. )FCTR a 1.
IF( FCTR .LT. 0. )FCTR a 0.
IF( INTOCIV) EQ9. 1) 120 TO 75
GUI.) - XRHOU(I) * FLOWIV) * (1. - FCTR)
GLI.J - XRHOL(l) * FLOUC IV) * FCTR
GO TO 55

75 GU.)! a XRHOU(.J) *FLOWCIV) * (1. - FCTR)
GLJI a XRHOL(.J) * FLOW(IV) * FCTR
0O TO 55

C
C FLOW CONDITIONS AT VENT WITH EXTERIOR FIRE, FLOW IS INTO COMP. .)
C
90 GVU(J) - GVU(.J) *RHORFG * FLOWIN

GVL(J) a QJL(,J) -XRHOL.)) * FLUOUT
VTF'LWVCIV.2) - FLOWIN
VTFLWV(tV.1) - FLWOUT

C
DO 92 KK-1,NSPCS
CVUCIK.,J) a CVU(KUK..J) *RHOEFO * FLOWIN * CHIEFG(KK)

92 CVL(KK.J) a CVL(IK.J) -XRHOL(.J) *FLWOUT * XCHILCKK,J)
C

EVU(.J) = EVUC.) RHORFG * FLOWIN *CP * TEFG
EVL(.)) - EV.(.J) -XRHQL.)) * FLUOUT * CP * XTL(Jfl
VTPLWE(IV.2) a FLOWIN * RHOEFG * CP * TEFC
VTFLWE'ZV.1) - FLWOUT * XRHOL(.J) * CP * XTLC.)

90 CONTINUE
C

Do 100 Ia!. NCDPIPS

C SUER CONY FINDS THE CONVECTION HEAT TRANSFER FROM THE GAS ZONES TO THE
C CAB IN SURFACES
C

CALL CONVC Z, XZD(I). XTU(I), XTL(I), GCVNU(I), QCVNLCI)
C
C SUER RADTN FINDS THE NET RADIATION HEAT TRANSFER FROM THE GAS ZONES TO
C CABIN SURFACES

CALL RADTN(I,XZD(I).XTU(I,XTLUl,XCHIU,XCHIL,XRHOWI).xRHOLI), .
a NSPCS. XVOLU(I), XVOLL(I). ORDUCI), QRDLCI)

C
100 CONTINUE

C
C FOR THE COMPARTMENT CONTAINING INTERIOR FIRES (IF ANY), SUBR PLUME
C FINDS THE ENTRAINMENT EXCHANGE BETWEEN ZONES

I a IFRCMP
CAL.L PLUME( XZD(I). XRHOL(Z). XTL(I). XCHIL. NSPCS. 1

a OPENT, CPENT, EPENT
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C
C SET DTHLF - 0. 5 * DT FOR USE IN THE INTEGRATIONS
C

DTHLF - 0. 5 * DT
C
C ON THE FIRST PASS FOR A TIME STEP, JUMP TO STMT 170 TO EVALUATE RHS

C OF THE CONSERVATION EQUATIONS AT TIME T
C

IF( FIRST ) go TO 170
C
C ON SUBSEQUENT PASSES EVALUATE ALL VARIABLES AT TIME T . DT
C

DO 140 I-1.NCOMPS
TMASSU(I) - RHSCU(I) + DTHLF * QVU(I)
TMASSL(I) a RHSCL(I) + DTHLF * GVL(I)

C
DO 110 JIl.NSPCS
SPCSU(JI) a RHSSU(J.I) + DTHLF * CVU(JI)

110 SPCSL(J.I) - RHSSL(J.I) + DTHLF * CVL(J.I)
C

ENRQYU(I) - RHSEU(I) + DTHLF * ( EVU(I) + QCVNU(I) + QRDU(I) )
ENRGYL(I) - RHSELCI) + DTHLF * ( EVL(I) + QCVNL(I) + GRDL(I) )

C

C FOR THE COMPARTMENT CONTAINING INTERIOR FIRE(S) ADD THE EFFECTS OF
C THE PLUME ENTRAINMENT
C

IF( I NE. IFRCMP ) gO TO 130

TMASSU(I) - TMASSU(I) OPENT * DTHLF
TMASSL(I) - TMASSL(I) - GPENT * DTHLF

C
DO 120 J-I,NSPCS
SPCSU(J.I) - SPCSU(J,I) + CPENT(J) * DTHLF

120 SPCSL(J.I) - SPCSL(J.I) - CPENT(J) * DTHLF
C

ENRGYU(I) - ENRGYU(I) + EPENT * DTHLF
ENRGYL(I) a ENRGYL(I) - EPENT * DTHLF

C
130 CONTINUE

C
C COMPUTE THE NEW VALUES OF PRESSURE, GAS ZONE VOLUMES. AND LOWER ZONIE
C THICKNESS
C

PSAVE - XPF(I)
WMIX - 0.
IF( XRHOL(I) EQ. 0. ) GO TO 134

C
DO 132 J-1.5

132 WMIX - WMIX + XCHIL(J, I) * WMOLEC(J)
XPF(I) - XRHOL(X) * ROAS * XTL(I) * ORAV / WMIX

GO TO 138
C
134 DO 136 J-1,5
136 WMIX - WMIX + XCHIU(JI) * WMOLECCJ)

XPF(I) a -XRHOU(I) * RGAS * XTU(I) • ORAV / WMIX
138 CONTINUE

C

VSAVE a XVOLL(I)
XVOLL(I) - VTOTAL(I) - XVOLUCZ)

WMIX a 0.
DO 140 J-1.5

A-88

..



140 wmIX -WHIX *XCHIU(JI) *WMOLECC(fl
XVOLU(I) - XRHOU(I).XVOLU(I)*RGAS*XTU(!)*GRAV ( PSAVE WMIX

.1 ZDSAVE a XZD(I)

CALL HEIGHT( 1. VSAVE, ZOSAVE, XZD(I)
C
C FIND THE NEW VALUES OF THE DENSITIES. MASS FRACTIONS, AND TEMPERATURES
C FROM THE MASSES AND ENERGIES
C
150 CONTINUE

C
IF( XVOLU(I) LE. 0. ) 0 TO 152
XRHOil(I) - TMASSU(I) /XVOLU(I)

C
152 IF( XVOLL(I) I. 0. )GO TO 154

XRH0LIX) - !MASSL(I) /XVOLLCI)
C
154 IF( TMASSL(I) LE. 0. 00G TO 154

Do 155 Jal.NSPCS
155 XCHIL(.JI) m SPCSL(J.I) / TMASSL(I)

XTLCI) - ENROYLCI) ICCP * ThASSLCI)
C
154 IF( ThASSUCI) LE. 0. 00G TO 155

DO 157 J-1.NSPCS
157 XCHIU(J.I) a SPCSU(J.I) / TMASSU(I)

XTU(I) -ENRGVU(I) /CPC * TM.ASSI(I)
C

159 CONTINUE

140 CONTINUE
C
C LOAD THE NEW VARIlABLES INTO (XNEW> AND SCALE DOWN TO SCALED MAGNITUDES
C BEFORE RETURNING

C

DO 145 N2-1.NCOMPS
C

DO 141 NI-I. NSPCS

142 XNEW(I) -XCHIL(NI.N2)
C

DO 144 NI-I. NSPCS

144 XNEWCI) - XCHIU(Nl.N2)
C

XNEWCI.1) A XPP(N2)
XNEW(I.2) a XRHOLCN2)
XNEW(1+3) - XRHOU(N2)
XNEWCI+4) a XTLCN2)
XNEW(1+5) - XTU(N2)
XNEW(1+6) m XVOLL(N2)
XNEW(t+7) a XVOLU(N2)
XNEW(1+S) a XZDCN2)

145 I.14
C

CALL SCALE(-I, XNEW. NVAR)
CALL SCALE(-1. X. NVAR

RETURN
C
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C ESTABLISH THE PARTS Or THE RIOHT HAND SIDES OF EACH CONSERVArION
C EQUATION THAT ARE FUNCTIONS OF TIME T
C
170 CONTINUE

DO 100 1-1lNCOIIPS

RHSCU(I) a XRHOUCI) * XVOLU(I) + OTHLF * GVU(I)
RNSCL(I) - XRHOLCI) * XVOLL(I) + DTHLF * OVLCI)

C
DO 172 )-INSPCS
RH4UU.hI) 0 XCHIU(J.1) * XRHOU(I) * XVOLU(I) + DTH4.F * CVU(J.1)

172 RHSSL(J.1) a XCHIL(,J,I) * XRHOLCI) * XVOLL(I) 4- DTHLF * CVL(J-1)

RHUEU(I) - CP * XRNOU(I) * XVOLU(I) * XTU(I) + EVU(I) + QCVNU(I)
*~ * RDUCI) ) * DT14LF

RHSEL(I) - CP * XRHOL(I) * XVOLL(I) * XTL(I) + (EVL(I) + QCVNL(I)
* + QRDL(I) ) * DTHLF

C FOR THE COMPARTMENT CONTAINING INTERIOR FIRE(S) ADD THE EFFECTS OF
C THE PLUME ENTRAINMENT AND GENERATION AT THE FIRE BASES
C

IF( I NE. IFRCMP ) 0O TO 130

CALL FIRE( 1, NSPCS, GFU. CFB. EFU)
C

RNSCU(I) - Rn4SCU(I) *DT * OFD + DTHLF * GPENT-
RHSCLCI) - XHSCL(I) -DTNLF * OPENT

C
DO 174 J-l. NSPCS
RHSSU(J.I) a RHSSUC~j.t + DT * CFBt(.n + DTHLF *CPENT(J)

174 RNSL(J-Z) - RHSSL(,J,Z) -DTHLF *CPENT(J)
C

RNUUI) - AHSUUI) + DT FU DTHLF * EPENT
RHUELCI) - RHSEL(I) - DTHLF * EPENT

100 CONTINUE
C
C SCALE DOWN TH4E (XI VECTOR TO SCALED MAGNITUDES AND RETURN
C

CALL 8CALEC -1. X. NVAR
C

RETURN
END)
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SUBROUT:NE HEIGHT !C, VNEW, ZDG, :0

C OBJECTIVE
C (1) HEIGHT FINDS THE LOWER ZONE DEPTH (THERMAL DISCONTINUITY POSITION)
C GIVEN THE LOWER ZONE VOLUME, VNEW, AND A FIRST GUESS AT ZO, ZDG.
C/---------------------------------------------------------- -------------
C

COP9MON/CNTRL/DELTAT, DELTSP.ECOFLG. IDELT, IDENT(20), IDTP9'. :PE'!S.
I IPSPR. IPAUX. IRATIO, ISAVE. SCALE. ITFIN, IT:M1E, TI'12'
2 XTSPRD. NPASS, TFINAL. IDBUG1I EPSLN, MAX ITR AXCUT,
3 ~ JCBS'P
COMMON/GMTRY/IMATL(20),IMATU(7).IMTLP(4),IMAX(30), MINC:O).
I IRAYd1&),IRAYS22).JMAX(30,JMIN(30)LLSN,MA'':' NS,
2 CH.CL(4),CW.DWSHSTS,IARX(40,15),IARY(40.1Z,>,.-.-
a ICLR. lEND. IFIRL. IFIRR. ILSTL. ILSTR. IONE(9
4 ISSWLI(9,10),ISSWLJ(9.10),ISSWRI(9,10),ISSWR jc9.1

5 ISWSL(15,9)..XSWSRt(15.S),ISTART.NPRJ,P~JUL, ,JLL,
6 !P.JUR. IPJLR,JEND,JONE(9).,JSTARTNJS,NSG,NV,SGWD(9).
7 SL.SWDC20),VN(20..3),VENTN(24),VENTW(24),VENTT(24).
a XMN(30).XMX(30).XCOR(9).YCOR(9).Z(30),SSGWDTVSG,
9 HTlHT2.HT3,HT4(10),NSSTSSLSW.SX(30),SZ(3),
I CNCThS(24),NCOPIPS.IFRCMP,FLOW(24). INTO(24),VTOTAL(4).
2 FHMIN

C INITIALIZE ZD AND RETURN IF VNEW -0.
C

ZD - 0.
IF( VNEW LE. 0. ) RETURN

C
C MAKE AN INITIAL ESTIMATE OF ZO
C

ZDI - ZOO
ANEW a VNEW / CL(IC)
ITT - 0

C
C USE SUER XSEC TO VERIFY THE GUESS
C
10 ITT - ITT + 1

CALL XSEC( ZDl. Al
C
C CONSIDER ZD TO BE FOUND IF XSEC GIVES A LOWER CROSS-SECTION AREA
C WITHIN 0. 1 %. OF THE DESIRED VALUE.
C

01FF *AIS( ANEW - Al
TOL *0.001 * ANEW
IF( 01FF .LT. TOL )GO TO 20

C
C ALLOW ONLY 10 TRIES AT THIS ITERATIVE SOLUTION BEFORE STOPPING
C

IF( ITT GT. 10 00G TO 30
C
C CORRECT THE GUESS IN PROPORTION TO THE DIFFERENCE AND TRY AGAIN
C

ZVI - ZDlI 2. - Al / ANEW
GO TO 10

C
20 ZD aZDI

RETURN
C
30 WAITE(6.99) ITIME, IC, ZDG.ZD.ZDIANEWA1.TOL.OIFF
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99 FORMAT IH1.2X. CONVERGENCE FAILURE IN SUSR HEIf.HT. TIM.E *.110//

*2X, 110, 6E15.7 !X 1, 6E15.7 ~
STOP

END
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SUBROUTINE RADTN(IC, ZL. TQ, TL, CHIU, CHIL. ROU, ROL, NSPCS, VUP'
* VLO, G3RU, ORL)

C
C/--------------------------------------------------------------------------------
C OB.JECTIVE

C (1) RADTN FINDS THE NET RADIATION HEAT TRANSFER AMONG THE UPPER
C AND LOWER GAS ZONES AND THE CABIN SURFACES.
C
C INPUT VARIABLES:
C
C IC - COMPARTMENT NUMBER
C
C ZL a LOWER ZONE DEPTH AFT)
C
C TU, TL - UPPER AND LOWER ZONE TEMPERATURES (R)
C
C CHIU, CMXL - UPPER AND LOWER ZONE COMPOSITION ARRAYS (MASS FRAC)
C
C NSPCS -NUMBER OF SPECIES
C
C VUP, VLO - UPPER AND LOWER ZONE VOLUMES
C
C OUTPUT
C
C GRU - NET RADIATION HEAT GAIN RATE BY UPPER ZONE (BTU/SEC)
C
C ORL - NET RADIATION HEAT GAIN RATE BY LOWER ZONE (BTU/SEC)
C
C,--------------------------------------------------------------------------
C

COMMCN/MATLS/TADX(18.7. 6). TABY( 19.7, 6).NTXG. FOXI. RADTAB (7). RADII
I FOX(7),NMATLS,DQI.DGM(7),GAMI,GTAB(7),ITF(20),IRAMPT,
2 ZTFC.<20?.ZTFCSe7).ITFS(7),ITP(20),ITPC(2OxITPCS(7),
3 ITPE(20),ITPES(7).ZTPS(7),OCIOP(7).GTAB(7)*RHOI.
4 RHOM(7).RSIRTAB(7).RTGI(iO),UTAD(7).CNDCTY(7).XMU*
5 XMFI,TKNS(7),TSL(30,2,4).TSP(2,.2.4),CPMC7),WMMTL(7),
& WMIGF.TKNSIN(7)
COMMON/PARAMS/GRAY. RI. TR. RGAS. SIGMA. SOD. THOU. TOL. EC. EP
COMMON/GMTRY/IMATL(20). IMATS(7). IMTLP(4). IMAX(30). XMIN(30).

I IRAY(116).IRAYS(22),JMAX(30),sJMIN(30),LSN,MAXELINSI
2 CHCL(4),CW.DWS,HSTS,IARX(40,1S),IARY(40,12).ICLL
3 ICLA. lEND. !FIRL. IFIRR. ILSTL. ILSTR, IONE(9),
4 ISSWLI(9,10),ISSWLJ(9,1O).ISSWRI(9. 10). ISSWRJ(9. 10).
5 ISWSLC15.B). ISWSR(15.B). ISTART.NPROJ.IPJUL. XPJLL,
& IPJUR. IPJLR. JEND. JONE(9). JSTART, NJS. NSG. NV. SGWD(9),
7 SL,SWD(20),VN(20,3),VENTH(24),VENTW(24),VENTT(24),

8 XMN(30),XMX(30),XCOR(9),YCOR(9),Z(30),SSGWD.TVSG
9 HTI,HT2,HT3,HT4(1O).NSSTS,SLSW.SX(30),SZ(30),

I CNCTNS(24).NCOMPS.IFRCMP,FLOW(24),INTO(24).VTOTAL(4).
2 FHMIN

COMMON/RADTN/ALPC. ABSCF(30). EB. C(2)
DIMENSION CMXUCI1.4), CHIL(11.4)

C
GRU - 0.
ORL - 0.

C
C FIND APPROXIMATE GAS ZONE SURFACE AREAS
C

AUT - 2. * ( CL(IC) * CW + ( CH ZL )*(CW *CL(IC)
ALT - 2. * ( CL(IC) 0 CW +ZL *CCW +CL(!C)

C
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C COMPUTE MEAN BEAM ENGTHS FT)
C

BLMU = 0
IF( AUT NE. 0. ) BLMU a 3.6 * VUP / AUT
BLML 0.
IF( ALT NE. 0. ) BLML = 3.6 * VLO / ALT

C
C ZONE EMITTANCES (GREY GAS APPROXIMATION)

C
SCL - CHIL(NSPCS. IC) * ROL

SCU - CHIU(NSPCS.IC) * ROU
C

EGL - 1. - EXP ( - ( 0 1054 * SCL + 0. 1 ) • BLML
EGU - 1. - EXP - O.1054 * SCU + O.I *BLMU

C
C RDIATION EMITTED BY EACH ZONE
C

OREMTU - SIGMA * EGU * AUT * (TU **4)
GREMTL = SIGMA * EGL * ALT * (TL *-4)

C
C RADIATION ABSORBED BY EACH ZONE WHICH WAS EMITTED BY SURFACES IN
C CONTACT WITH IT
C

XXU U 0.
XXL - 0.

C
DO 10 JI,LSN

C

CALL COVER(J, IC, ZL, AU, AL
XXU - XXU + AU * ( TSL(J.2, IC) *-4)

10 XXL - XXL + AL * ( TSL(J. 1. IC) **4)
C

CALL XSEC( ZL, AUPTo ALPT
XXU - XXU + AUPT * (( TSP(1,2,IC))**4 + (TSP(2.2,IC))**4)
XXL - XXL + ALPT * (C TSP(1,1,IC))**4 * (TSP(2,1,IC))**4)

C
XXU - XXU + EGL * CW *.CL(IC) * TL **4
XXL = XXL + EGU & CW * CL(IC) * TU **4

C
GRABU - XXU * SIGMA * EGU
ORABL = XXL * SIGMA * EGL

C
C NET RADIATION RATE OF HEAT GAIN FOR EACH ZONE
C

GRU - ORABU - OREMTU
ORL = GRABL - GREMTL

C
C IF THIS IS THE INTERIOR FIRE COMPARTMENT SET THE FLUX LEVELS OC(l) AND
C QC(2) FOR USE IN SUBR RATES ON THE NEXT FLAME SPREAD PASS
C

IF( IC NE. IFRCMP ) RETURN
C
C COMPUTE APPROXIMATE VIEW FACTOR FOR RADIATION FROM THE UPPER ZONE
C GAS TO TARGETS IN THE LOWER ZONE
C

DIST - 2. * ZL
VF - 1.0
IF( DIST .LE. 0. ) O TO 20

XX = CW / DIST
YY - CL(IC) / DIST
XR a SORT( 1. XX * XX
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YR -SaRT( 1. + VY * y

VF = ( XX * ATAN(YY/XR) / XR ) * H Y ATAN(XX/YR) / YR

VF = 2 * VF / PI

20 CONTINUE
C

C FIND QC(2), FLUX TO TARGETS IN THE UPPER ZONE

C
QC(2) - QREMTU / AUT

C
C FIND OC(l), FLUX TO TARGETS IN THE LOWER ZONE

C
QC(I) = (1. - EGL) * VF * EGU * SIGMA * (TU**4)

C
RETURN
END
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SUBROuT!N4E SRFTMiP
C
C/------------------------- -----------
C
C OBJECTIVES
C (1) SRFTMP COMPUTES THE NEW AVERAGE SURFACE TEMPERATURES OF THE LINING
C MATERIALS SURFACES AND THE PARTITION SURFACES.
C
C (2) THE CONVECTIVE AND RADIATIVE HEAT FLOWS TO THE SURFACES ARE ALSO
C COMPUTED FOR OUTPUT DOWNSTREAM
C
C COMMENTS
C (1) THE VIEW FACTOR FOR RADIATION FROM THE UPPER ZONE REACHING SURFS
C IN CONTACT WITH THE LOWER ZONE IS A CONSTANT (VERY) ROUGH
C ESTIMATE OF 0. 5 IN THIS VERSION
C
C/-------------------------------------------------------------------------------

C
COMMON/CNTRL/DELTAT. DELTSP. ECOFLG. IDELT. IDENT(20), iDTPRV, IPEMS.
I IPSPR. IPAUX. IRATID. ISAVE. ISCALE. ITFIN, ITIME. ITIM2,
2 ITSPRD.NPASS,TFINAL. IDBUGI. EPSLN. MAXITR. MAXCUT,
3 ~ JCBSKP
COMMON/GmT'lzy/IMlATL(2O), IMATS(7,IMTLP(4),IMAX(30),IMIN(30).
I IRAY(116),IRAYS(22),,JMAX(30),JMIN(30),LSN,MAXELI,NS,
2 CH,CL(4),CW,DWS.HSTS,IARX(40,15),IARY(4O.12),ICLL,
3 ICLR. lEND. IFIRL, IFIRR. ILSTL. ILSTR. IONE(9),
4 ISSWLI(9.1O),ISSWL.J(9,10),ISSWRI(9,10),ISSWRJ(9,10),
5 ISWSL(15,8),ISWSR(15,B).ISTART,NPROJ.IPJUL,IPJLL,
6 IPJUR. IPJLR. JEND.,JONE(9), JSTART, NJS, NSG, NV, SGWD(9),
7 SLSWD(20),VN(20,3).VENTH(24),VENTW(24),VENTT(24),
a XMN(30)XMX(30),XCOR(),YCOR(),Z(30),SSGWD,TVSG,
9 HTI. HT2, HT3. HT4( 10). NSSTS. SLSW. SX(30). SZ(30),
1 CNCTNS(24), NCOMPS, IFRCMP. FLOWC24i. INTO(24.L CTOTAL(4),
2 FHMIN
COMMON/MATLS/TABX 19. 7.6). TABY 19.7, 6), NTXG. FOXI.RADTAB (7), RADI,

1 FOXC7),NMATLS,DGI,DOM(7),QAMI,GTABC7),ITF(20),IRAMPT,
2 ?TFC(20),rTFCS(7),ITFS(7).ITP(20),ITPC(20),ITPCS(7).
3 ITPI!(20). ITPES(7),ITPS(7).GCI.GP(7).GTABC7),RHOI.

4 RHCM(7),RSI,RTAB(7),RTGI(10),UTAB(7),CNDCTY(7),XMU,

i!5XMFI, TKNS(7), TSL(30, 2.4). TSP(2. 2,4), CPM(7). WMMTL(7),

A WMIGF, TKNSIN(7)
'OMMON/RASES/CHL( 11. 5), CHIUC 11, 5)C.NA1),NCS ABPF5)
OMMON/RADTN/AHLC. ADSC30 15), CP,)1,SCSPMP(

I RHOAM. RHOL(5),RHOUCS). TAM. TL(5). TU(5). VOLL(5).
2 VOLU(5). ZD(5),XTHEN(1,20),WMOLEC(11),TWO(101).
3 JCOR(120)
COMMON/PARAMS/GRAV. RI. TP RGAS. SIGMA. SOD.THOU. TOL. EC.EP

C
COMMON /PRTCMN/ ASRFUZ(22, 4). ASRFLZ(22. 4). CVFLWU(22. 4).

* CVFLWL(22,4),RDFLWU(22,4),RDFLWL(22.4),

* VTFLWV(24,2),vTFLwE(24.2).FBVDOT(30),
* FBSDOT( 11.30. FBODOT(30). FRENTR(30)

C
DATA H / 5. 5E-4/

C
DO 20 ICMP-I.NCOMPS

C
C FIND GAS ZONE 2EAM LENGTH& AND EMITTANCES OF EACH GAS ZONE

C
AUT a 2. * CCL(ICMP) * CW + ( CH - ZDtICMP) C CW +CL(ICMP)))
ALT - 2. * CL(ICMP) *CW + ZD(ICMP) * CW CL(ICmP)

A-96



c
BLMU 0
IF( AUT NE. 0. ) BLMU = 3.6 * VOLU(ICMP) / AUT
BLML a 0
IF( ALT NE. 0. ) BLML = 3.6 * VOLL(ICMP) / ALT

C
SCU - CHIV(NSPCS.ICMP) * RHOU(ICMP)
SCL - CHIL(NSPCSICMP) * RHQL(ICMP)

C
EGU = 1. - EXP( -( 0.1054 * SCU + 1.0 ) * BLMU
EGL = 1. - EXP( -( 0.1054 * SCL + 1.0 ) * BLML

C
C FIND THE EMITTED RADIATION BY EACH GAS ZONE PER UNIT AREA
C

REMUG - EGU * SIGMA * (TU(ICMP) **4
REMLG a EGL * SIGMA * C TL(ICMP) **4

C
00 10 ISRF=I,LSN

C
C SELECT THE MATERIAL NUMBER
C

IMT - IMATL(ISRF)
C
C RHSU AND RHSL ACCUMULATE THE RIGHT HAND SIDES OF THE DIFFERENTIAL
C EQUATIONS FOR THE SURFACE TEMPERATURES
C

RHSU - 0.
RHSL - 0.

C

C CIN IS THE INSULATION CONDUCTIVITY DIVIDED BY THE MATL THICKNESS
C

CIN U CNDCTY(IMT) / TKNSIN(IMT)

C
CALL COVER( ISRF. ICMP. ZD(ICMP). AUPR ALWR

C
C COMPUTE THE CONVECTIVE TRANSFER TO/FROM THE SURFACE AND ADD TO THE RHS

C
TXU - TSL(ISRF,2,ICMP)

TXL - TSL(ISRF,1,ICMP)
C

CVNU - H * AUPR * C TU(ICMP) - TXU )
CVNL - H * ALWR * (TL(ICMP) - TXL )

C
RHSU - RHSU + CVNU
RHSL = RHSL + CVNL

C
C SUBTRACT THE CONDUCTION LOSS THROUGH THE REAR FACE
C

RHSU - RHSU - CIN * AUPR * ( TXU - TAM
RHSL = RHUL - CIN * ALWR * C TXL - TAM

C
C FIND THE INCOMING RADIATION TO THE SURFACE
C

ORINU - AUPR * REMUG
VFAC - 0.5
QRINL - ALWR * REMLG * ALWR * VFAC * REMUG

C
C FIND THE RADIATION EMITTED BY THE SURFACE
C

A-97



GROUTU - AUPR * SIGMA * C TXU *.4
GROUTL a ALWR * SIGMA * ( TXL **4

C
C ADD THE RADIATION CONTRIBUTIONS TO THE RIGHT HAND SIDES

C
RHSU - RHSU + GRINU - GRUOTU
RHSL = RHSL + ORIN. - GROUT:-

C
C COMPUTE THE CHANGES IN TEMPERATURES
C

DTU - 0.
DTL - 0.
DT = IDELT / 1000.

IF( AUPR .GT. 0. )
" DTU = ( DT / ( AUPR * CPM(IMT) * RHOM(IMT) * TKNS(IMT))) * RHSU
IF( ALWR GT. 0. )

" DTL - ( DT / ( ALWR * CPM(IMT) * RHOM(IMT) * TKNS(IMT))) * RHSL

C
C UPDATE THE TEMPERATURES OF THE LINING SURFACE
C

TSL(ISRF,2,ICMP) = TSL(ISRF.2,ICMP) + DTU
TSL(ISRF,1,ICMP) = TSL(ISRFI,ICMP) + DTL

C
C SET HIBERNATION VALUES FOR SURF. TEMPS. WHEN CORRESPONDING
C AREAS ARE ZERO
C

IF( AUPR LE. 0. ) TSL(ISRF,2,ICMP) - TSL(ISRF, 1, ICMP)
IF( ALWR .LE. 0. ) TSL(ISRF,1.ICMP) = TSL(ISRF,2oICMP)

C
C SAVE THE AREAS AND INCOMING FLOWS FOR PRINTING IN SUBROUTINE OUTPUT
C

ASRFUZ(ISRFICMP) - AUPR
ASRFLZ(ISRFICMP) - ALWR
CVFLWU(ISRFICMP) - CVNU
CVFLWL(ISRFXCMP) - CVNL
RDFLWU(ISRFICMP) - GRINU
RDFLWL(ISRFICMP) = GRINL

C
10 CONTINUE

C
C THIS SECTION COMPUTES THE NEW PARTITION SURFACE TEMPERATURES
C
C COMPUTE THE AREA OF CONTACT WITH THE PARTITIONS
C

CALL XSEC( ZD(ICMP), ALWR
CALL XSEC( CH, ATTL
AUPR = ATTL - ALWR

C

C SELECT THE MATERIAL PROPERTIES OF THE PARTITION AND INITIALIZE TERMS
C

ZMT - IMTLP(ICMP)
CIN = CNDCTY(IMT) / TKNSIN(IMT)
RHSU - 0.
RHSL = 0.
TXU - TSP(2,2,ICMP)
TXL a TSP(2,I,ICMP)
DTU m 0.
DTL - 0.

C
C FIND THE CONVECTIVE FLOW TO THE SURFACES
C
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CVNUI a H * AUPR * CTU(ICMP) - TXU
CVNL - H * ALWR * CTL ICMP) - TXL

C
RHSU - RHSU + CVNU
RHSL - RHSL * CVNL

C
C SUBTRACT THE CONDUCTION LOSS
C

RNSU - RHSU - CIN * AUPR * ( TXU - TAM)
RHSL - RHSL -CIN * ALWR * ( TXL - TAM)

C
C FIND THE INCOMING RADIATION AND EMITTED RADIATION
C

GRINU - AUPR *REMUG
VFAC - 0. 5
GRINL - ALUR *REMLQ * ALwR * VFAC * REMUG
GROUTU - AUPR *SIGMA * CTXU **4
GROUTL = ALWR *SIGMA * TXU **4

C
C ADD THE RADIATION TERMS TO THE RIGHT HAND SIDES

RHSU - RHSU + GRINU - GROUTU
RHSL - RHSL + QRINL - GROUTL

C
C FIND THE TEMPERATURE CHANCES AND UPDATE THE TEMPERATURES
C

IF( AUPR GT. 0.
* DTU * OT / AUPR * CPM(IMT) * RHOM(IMT) # TK4NS(IMT) ) ) * RHSU
IF( ALWR GT. 0.

* DTL - ( DT / ( ALWR * CPM(IMT) * RHOM(IMT) * TKNS(IMT) ) ) * RHSL
TSP (1,2, 1CMP) a TSP(1L2.ICMP) + DTU
TSP(2,2,ICMP) - TSP(2,2.ICMP) + DTU
TSPCI,1,ICMP) - TSPCI,11UCMP) + DTL
TSP(2, 1, ICMP) -TSP(2. 1,ICMP) + DTL

C SET HIBERNATION VALUES FOR THE SURFACE TEMPS WHEN CORRESPONDING
C AREAS ARE ZERO

IF( AUPR QGT. 0. ) GO TO 12
TSPC1,2,ICMP) - TSPCI.1.ICMP)
TSP(2,2,ICMP) - TSP(2.1-ZCMP)

12 CONTINUE
IF( ALWR GT. 0. ) GO TO 14
TSP(l, 1, ICMP) - TSP(1,2.ICMP)
TSPC2,,ICMP) - TSP(2,2,.ZCMP)

14 CONTINUE
C,
C SAVE THE AREAS AND INCOMING PLOWS
C

ASRPUZ (21, ICMP) aAUPR
ASRPLZ(21. ICMP) - ALWR
CVFLWU(21,ICMIP) aCVNU
CVFLWL(21,ICMP) a CVNL
RDFLWUC21,ICMP) - ORINU
RDFLWLC21,ICMP) a ORINL

C
ASRFUZ (22. ICMP) - AUPR
ASRFrLZ(22. ICMP) - ALWR
CVFLWUC22. ICMP) - CVNU
CVFLWLC22. ICMP) - CVNL
RDFLWU(22,ICMP) - GRINU
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RDFLWL(22, ZCNP) QRINL
C
20 CONTINUE

C
RETURN

C
END
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SUBROUTINE SCAN(I)
C-

C OBJECTIVE(S)
C (1) SUBR SCAN SCANS THE ARRAYS OF LINING SURFACE AND SEAT ELMNTS TO

C ISOLATE GROUPS OF CONTIGUOUS FLAMING ELMNTS WHICH FORM THE BASE
C AREAS OF FIRES. WHEN A GROUP OF ELMNTS IS DISCOVERED THE FOLLOWING

C QUANTITIES ARE COMPUTED AND ASSIGNED TO THIS NEW FIRE --

C
C K - FIRE NUMBER ( A COMPLETE RENUMBERING OCCURS AT EACH FLAME

C SPREAD PASS
C AF - FIRE BASE AREA
C
C IVMAX, IVMIN, JVMAX, JVMIN, IVMXo IVMN, JVMX, JVMN - MAXIMUM AND
C MINIMUM VALUES OF THE I AND J INDICES OF THE ELMNTS
C COMPOSING THE FIRE BASE. TWO COPIES ARE KEPT.
C
C ISTART, JSTART, IEND, JEND - I AND J INDEX VALUES DEFINING THE
C REGION OVER WHICH THE SEARCH FOR FIRES WAS JUST
C CONDUCTED.
C
C ZN - THE DISPLACEMENT OF THE CENTER OF THE FIRE BASE FROM THE
C FLOOR
C
C YZ - THE HYDRAULIC RADIUS OF THE FIRE BASE AREA
C
C FLML - THE FLAME LENGTH FOR THE FIRE
C
C ALPC - THE FLAME BASE CENTER EMITTANCE FOR THIS FIRE
C
C ISFIRE- SEAT GROUP NUMBER (IF ANY) ON WHICH THIS FIRE IS BURNING

C VALUE OF ZERO -> FIRE IS ON LINING SURFACES.
C
C IZONE - THE GAS ZONE IN WHICH THE BASE CENTER OF THIS FIRE IS
C LOCATED. VALUE - I -> LWR ZONE. - 2 -> UPPER ZONE.
C
C IXFIREm FLAG TO IDENTIFY WHICH PART OF A SEAT GROUP ON WHICH A
C SEAT FIRE IS LOCATED (USED ON SEAT FIRES ONLY)

C IXFIRE m- > FIRE IS ON CUSHION BOTTOM
C IXFIRE - 2 -) FIRE IS ON CUSHION TOP AND FRONT

C IXFIRE - 3 -> FIRE IS ON BACKREST
C
C FSNI. FSN2, FSN3 a NUMBERS OF FLAMING ELMNTS ON THE CUSHION BOTTOM

C CUSHION TOP, AND BACKREST RESPECTIVELY, OF A FIRE BURNING
C ON A SEAT GROUP. USED ONLY FOR SEAT FIRES.
C
C NSFL - THE NUMBER OF FLAMING ELMNTS OF EACH OF THE 7 SURFACES OF
C A SEAT GROUP. USED ONLY FOR SEAT FIRES.
C
C PDH - THE SMOLDERING RANGE FOR THE FIRE.
C
C COMB - THE COMBUSTION ZONE LENGTH.
C
C GAMMA - THE STOICHIOMETRIC OXYGEN-TO-FUEL RATIO.
C
C OMEGA - THE INVERSE VOLUMETRIC EXPANSION RATIO.
C
C RHOZ - THE FUEL VAPOR DENSITY AT THE FIRE BASE PLANE.
C
C UZ - THE FUEL VAPOR VELOCITY AT THE BASE PLANE.
C
C RADFIR- THE RADIATION LOOS FRACTION FOR THIS FIRE.
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C IF THIS FIRE CONTAINS IGNITION SOURCE ELEMENTS -

C AEXP a THE DIFFERENCE, IF ANY, BETWEEN THE TOTAL BASE AREA FOR
C THIS FIRE AND THE AREA COMPOSED OF IGNITION SOURCE ELMNTS.
C
C ALSO. SUBR SCAN SETS NEW VALUES FOR --
C
C ISAVE a A FLAG TO CONTROL SUBSEQUENT CALLS TO THIS SUBROUTINE
C FOR THE SAME SURFACE NUMBER (SEE COMMENT 1).
C
C IF a AN ARRAY INDICATING FOR EACH ELEMENT HOW MANY NEIGHBORING
C ELEMENTS TO THAT ELEMENT ARE IN THE FLAMING STATE.
C COMMENTS
C (1) THE USE OF SUBR SCAN IS AS FOLLOWS. AT THE START OF A FLAME SPREAD
C CALCULATION SCAN IS CALLED FOR EACH SURFACE IN SEQUENCE. WHEN A
C FIRE IS DISCOVERED AND ITS PROPERTIES AND LIMITS DETERMINED,
C CONTROL LEAVES SUBR SCAN AND GOES TO SUIRS COND. FCON. ETC. EVEN
C THOUGH THERE MAY BE ADDITIONAL FIRES ON THE CURRENT SURFACE. IF
C THERE ARE OTHER FIRES, THE FLAG ISAVE IS USED TO DIRECT CONTROL
C BACK TO SCAN AGAIN WITHOUT SKIPPING TO A NEW SURFACE. WHEN A FIRE

C BASE OVERLAPS TWO OR MORE CO-PLANAR LINING SURFACES THE VALUE OF
C IIN THE CALL MAY BE CHANGED BUT ALL FIRES ON THE CO-PLANIAR SET OFI

C LINING SURFACES WILL BE DISCOVERED THRU THE USE OF ISAVE.
C (2) DUE TO THE DESIGN DESCRIBED ABOVE SUBR SCAN DEPENDS UPON THE
C RETENTION OF THE VALUES OF SOME LOCAL (INTERNAL) VARIABLES
C BETWEEN CALLS.

C--------------------------------------------------------------------
COMMON/CNTRL/DELTAT, DELTSP. ECOFLO. IDELT. IDENT(20), IDTPRV. IPEMS.
I IPSPR. IPAUX. IRATIO. ISAVE. ISCALE, ITFIN. ITIME. ITIM2,
2 ITSPRD. NPASS, TFINAL, IDDUGI, EPSLN. MAX ITR. MAXCUT,
3 ~ JCBSKP
COMMON/FIRES/AFM(7).ASM(7), ISTATE(120, 15). ISTATS(9. 16,22).
I IWORD(l12O.15),IWORDS(9,1&,22),NFLM(7).NPYR(7).
2 RGS(IO,7),RSS(7).TOTGAS(10OhTOTSEM.TRGF(10).
3 TRGS(lO),TRSFTRSSNCE30).VITNRTTVIT.RADFIR(30).
4 ACM(7),AF(3O).AFI.AEXPCOMB(30).DQIK.FLMLC3Oh.FSNI,
5 FSN2,FSN3.GAMMA(30). IBURN, IF(600). IGMNI. IGMNJ, IGMXI.
6 IGMX. GNFIR. IGNX.J(2.100). IGSN. ISFZRE(3O?.IVMAX(30),
7 IVMIN(30),IVMN.IVMX.IXFIREIZONE(3),JVMAX(30)-
a %JVM I N(30). JVMN, JVMX. K. NFE (30). NF IRES, N I JC. N IJSQ,
9 NPE(30).NSFL(7),OMEGA(30),PDH,PIGN,RF(20.4),RFS(7.4),
I RFW~SRGF(O.7)RGFKOhRHOZ(30),RSF(7).RSFK,TDQ.
2 TBURNI,UZ(3O).YZ(30),ZB(30),RHOEFQ.CHIEFG(I1),
3 FLOWIN. FLWOUT. TEFO. IFRVNT. GENRAT(11).TDQMTL(7).
4 TP(7).TPC(7)
COMMON/GASES/CHIL( 11. 5).CHIU( 11. 5). CP.NGAS(11). NSPCS. PAME. PF(5),
I RHOAM.RHOL(5),RHOU(5).TAM,TL(5),TU(5).VOLL(5).
2 VOLU(5),ZD(5),XTHEN(120),WMOLEC(I1),TW(11)
3 ~ JCOR(120)
COMMON/GMTRY/IMATL(20). IMATS(7),IMTLP(4),IMAX(30),IMIN(30),
I IRAY(116)hIRAYS(22).JMAX(3).JMIN(30).LSN.MAXELI,NS.
2 CH.CL(4),CW.DWS.145TS.IARX(40.15),IARY(40.12).ICLL,
3 ICLR. lEND. IFIRL, IFIRR. ILSTL. ILSTR. IONE(9).
4 ISSWLZ(9. 10), IBSWLJ)(9. 10). ISSWRI(9. 10). ISSWR.J(9. 10).

5ISWSL(15,U). ISWSR(1S.9). ISTARTNPROJ. IPJUL. IPJLL,
6IPJUR. IPJLR,JEND. JONE(9). JSTART N.JS. NSG. NV. SGWD(9).

7 SL,SWD(20),VN(20.3).VENTH(24,VENTW~(24),VENTT(24).
a XMN(30).XMX(30).XCOR(9).YCOR(9).Z(30).SSWDTVSG.
9 HTI,HT2,HT3.HT4(10),NSSTS,SLSW.SX(30).SZ(30).
I CNCTNS(24).NCOMPS.IFRCMPFLOW(24).INTO(24).VTOTAL4).
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2 FHMIN
COMMON/MATLS/TABX(18,7.6).TABY(, 7, ),.NTXG, FOXI,RADTAB(7),RADI,
I FOX(7).NMATLSDGI,DOM(7),GAMI.GTAB(7),ITF(20).IRAMPT,
2 ITFC(20),ITFCS(7),ITFS(7),ITP(20),ITPC(20),ITPCS(7),
3 ITPE(20), ITPES(7),ITPS(7).OCI, OP(7),QTAB(7),RHOI,
4 RHOM(7),RSI,RTAB(7),RTGI(IO),UTAB(7),CNDCTY(7),XMUI,
5 XMFI,TKNS(7),TSL(30,2,4),TSP(2,2,4),CPM(7), WMMTL(7),
6 WMIGF,TKNSIN(7)
COMMON/PARAMS/GRAV, PI, OTR, ROAS, SIGMA, SOD, THOU, TOL, EC, EP
COMMON/RADTN/ALPC, ABSCF(30),EB, C(2)

C THE LOCAL ARRAYS IFR AND JFR WILL BE FILLED WITH THE I AND J INDICES
C OF ELMNTS IN STATE 3 <FLAMING). THEY RE THE WORKING MATERIAL FOR
C CONSTRUCTING FIRE BASE AREAS. THE ARRAY IUSE WILL CONTAIN A CODE FOR
C EACH FLAMING ELMNT SIGNALING IF IT HAS VET TO BE INCLUDED IN A FIRE
C BASE. IFR, JFR, AND IUSE ARE SINGLY DIMENSIONED AT A LARGE ENOUGH
C VALUE TO COVER ALL LINING SURFACE AND SEAT ELMNTS. SINGLE DIMENSIONING
C IS USED TO FACILITATE SHIFTING DATA WITHIN THE ARRAYS. TEMJ AND QCMB
C ARE TEMPORARY WORKING ARRAYS.

DIMENSION IFR(620).JFR(620).IUSE(620),TEMJ(7),GCMB(50)
C IF ISAVE IS ZERO THIS IS THE FIRST EXAMINATION OF THIS SURFACE SO SKIP
C TO STMT 1 FOR SOME INITIALIZATION OF WORKING VRBLS.

IF(ISAVE.EG.O) GO TO 1
C THIS TEST PROTECTS AGAINST AN ERRONEOUS RE-CALL OF THIS SUBR NTOT IS
C A COUNT OF THE NUMBER OF FIRE BASE ELMNTS DISCOVERED.

IF(NTOT. EQ.0) GO TO 173
GO TO 3

C ON THE FIRST PASS FOR A SURFACE INITIALIZE THE COUNTERS FSN1, FSN2,
C FSN3 AND NSFL.

I FSNI-0.0
FSN2=0.
FSN3=0.
DO 2 KS1.7

2 NSFL(KS)O
C INITIALIZE THE ARRAY IF.
3 DO 20 IJ-1,600
20 IF(IJ)mO
C THIS TEST SKIPS CONTROL TO STMT 30 ON THE FIRST CALL FOR SURFACE I.

IF(ISAVE. EG.0) GO TO 30
C ICTR IS A COUNTER OF THE CURRENT LOCATION IN THE IFR AND JFR ARRAYS
C SET IT TO I TO START.

ICTR-i
C IF THIS SURFACE, I, IS A SEAT GROUP (AND THIS IS THE SECOND OR
C SUCCEEDING SCAN OF THIS SURF) SKIP TO STMT 22 TO SET UP SPECIAL I AND
C J INDEX LIMITS FOR SCANNING OF SEAT GROUP SURFACES.

IF(I.GT.LSN)GO TO 22
C FOR LINING SURFACES ESTABLISH J INDEX SCAN LIMITS AND SKIP TO 176.

11-1
J2-.JEND.
GO TO 176

C ICOUNT IS A SWITCH TO INDICATE WHICH SEAT SURFACES HAVE BEEN SCANNED
C THE TEST ON ICOUNT = 0 IS A PROTECTION AGAINST ERRONEOUS CALLS
22 IF(ICOUNT.EQ.O)GO TO 173

C THIS COMPUTED GO-TO SWITCHES CONTROL TO STMTS WHICH SEARCH VARIOUS
C PARTS OF THE SEAT GROUP FOR FLAMING ELMNTS. THE DECISION IS BASED ON
C WHICH PARTS HAVE BEEN SCANNED IN EARLIER CALLS. THE SCANNING STMTS ARE
C 23 THRU 28 AND 1741 THRU 1746. * SOME CLEAN-UP IS NEEDED HERE *

GO TO (1741,1742,1744,1744,24), ICOUNT
22 IB-KI

ION-6
ITWO7
GO TO 25
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24 IBK-2
ION-5
ITWO-iS

25 DO 27 NN-1,NTOT
IF(,JFR(NN).GE. ION AND JFR(NN) LE ITWO)GO TO 23

27 CONTINUE
IF(IBK-1)1744, 1744.1745

28 IF(IBK-1)1743o1743,1746
C IF CONTROL REACHES THIS POINT. THIS IS THE FIRST SCAN OF THIS SURFACE
C ON THIS SPREAD PASS SO START WITH THE MINIMUM I AND J INDICES FOR THE
C SURFACE
30 ISTART-IMIN(I)

JSTART.JMIN(I)

C FOR LINING SURFACES THE SCANNING PROCESS WILL TAKE PLACE OVER ALL
C ADJACENT CO-PLANAR SURFACES. STMTS 110 THRU 160 FIND THE MAXIMUM I AND

C J INDICES FOR SCANNING IN THIS CASE.
IF(I.LE.LSN) GO TO 110
IS-I-LSN
GO TO 180

110 IP-O
120 IF((I+IP+I).LE.LSN) GO TO 130

I-I+IP
GO TO 160

130 IP-IP+t
IT-I+IP
DO 140 IX-1,3
IF(VN(I.IX).NE.VN(IT. IX)) GO TO 150

140 CONTINUE
GO TO 120

150 I-I+IP-1
160 IEND-IMAX(Z)

JEND-JMAX(I)
ICTR-O

C THE NESTED LOOPS THRU 165 AND 170 SEARCH OVER THE REGION OF ELMNTS
C DEFINED BY ISTART, IEND, JSTART, AND JEND TO SET UP THE LISTS (ARRAYS)

C IFR AND JFR WHICH CONTAIN THE I AND J INDICES OF ALL STATE 3 ELMNTS
C WITHIN THIS REGION. ICTR IS THE COUNTER OF THE TOTAL NUMBER FOUND.
C ALSO THE MARKER LIST IUSE IS INITIALIZED TO ZERO AND. IF THIS IS A
C SEAT, NSFL IS FILLED WITH THE NUMBER OF STATE 3 ELMNTS ON EACH OF THE
C SEAT SURFACES.

DO 170 II-ISTART. IEND
DO 165 JJ-JSTART, JEND
CALL CVOUT(IIoJ, I, IST. ISTP, ITFCP)
IF(IST.NE.3 OR. IST.NE.ISTP) GO TO 165

162 ICTR-ICTR+I
IFR(ICTR)-II
JFR(ICTR)-JJ
IUSE(ICTR)iO
IF(I.LE.LSN) GO TO 165
KSaIRAYS(JJ)
NSFL(KS)-NSFL(KS)+I

165 CONTINUE
170 CONTINUE

C SAVE THE TOTAL NUMBER OF FLAMING ELMNTS DISCOVERED AS NTOT.
NTOTmICTR

C IF NO FLAMING ELMNTS WERE FOUND IN THE SCANNED REGION SET THE ISAVE
C FLAG TO ALLOW PROGRESS TO NEW SURFACES AND RETURN.
171 IF(ICTR.GT.O)GO TO 174

173 ISAVE-0
RETURN

C THE FOLLOWING 27 STMTS REARRANGE THE ENTRIES IN THE IFR AND JFR ARRAYS
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C IN THE CASE OF SEAT SURFACE-F ZNLY THE 0BjEZ T!VE IS TO PLACE ALL
C INDICES OF ELMNTS ON THE SEAT CUSHION 3OTTOM FIPST IN THE ARRAYS, THE
C INDICES OF CUSHION TOP AND FRONT ELMNTS SECOND, AND THE INDICES OF
C BACKREST ELMNTS LAST. THIS ORDERING IS REGUIRED BY THE CONVENTION
C THAT ALL BURNING ELMNTS ON ANY ONE OF THESE THREE PARTS OF A SEAT
C ARE REGARDED AS COMPRISING A SINGLE FIRE ON THAT PART.
174 IF(I.LE.LSN)GO TO 1740

ILOC-310
DO 1800 IL=I,NTOT
IF(JFR(IL).GT.4) GO TO 1800
ILOC=ILOC+
4FR(ILOC)-4FR(IL)
IFR(ILOC)-IFR(IL)

1800 CONTINUE
IF((ILOC-310).GE. NTOT)GO TO 1850
DO 1810 IL=I,NTOT
IF(JFR(IL).LT. 19)GO TO 1910
ILOC*ILOC+I
JFR(ILOC)-4FR(IL)
IFR(ILOC)-IFR(IL)

1810 CONTINUE
IF((ILOC-310).GE. NTOT)GO TO 1850
DO 1820 IL-INTOT
IF(JFR(IL).LT.5 OR. JFR(IL).GT. 18) GO TO 1820
ILOC=ILOC+1
JFR(ILOC)-JFR(IL)
IFR(ILOC)-IFR(IL)

1820 CONTINUE
1850 ILOC-310

DO 1860 IL-1,NTOT
ILOC-ILOC+I
IFR(IL)*IFR(ILOC)

1860 JFR(IL)mJFR(ILOC)
20 TO 1741

C FOR LINING SURFACES SET THE VALUES FOR THE LIMITS OF THE J INDICES
C ON A SURFACE TO I AND JEND. 41 IS THE LOWEST J VALUE ON THE SURF AND

C J2 IS THE HIGHEST.
1740 1I-1

J2,',JEND
GO TO 175

C THE NEXT 27 STMTS DEFINE THE J INDEX LIMITS FOR SEAT GROUPS AND SET
C THE VALUE OF IXFIRE FOR USE IN THE SPREAD SUBROUTINES CONDS AND FCONS.
C ICOUNT IS ALSO SET TO CONTROL SEAT SCANNING DURING ANY SUBSEQUENT
C CALLS.
1741 ICOUN,-2

IXFIRE-O
IF(NSFL(1).LT. 1)go TO 1742

C SET J LIMITS FOR CUSHION BOTTOM.
J1-1
J2-4
IXFIRE=I
ISAVE-1
GO TO 175

1742 IF(NSFL(6).GT.O OR. NSFL(7).GT.O)GO TO 1743
ICOUNT=4
GO TO 1744

C SET J LIMITS FOR CUSHION TOP.
1743 Jl119

J2=22
ICOUNT-3
IXFIREm2

A-105



ISAVE-1
GO TO 175

1744 IF(NSFL(2).GT.0 OR. NSFL(3),GT.O)GO TO 1746
IF(NSFL(4).GT 0 OR. NSFL(5)GT. O)GO TO 1746

C NO FLAMING ELMNTS HAVE BEEN DETECTED ON THE SEAT, RETURN TO MAIN PGM
1745 IXFIRE-O

ICOUNT-O
GO TO 173

C SET J LIMITS FOR BACKREST.
1746 JI5

J2-18
IXFIRE=3
ICOUNT=5
ISAVE-I

C CONTROL REACHES THIS POINT FOR BOTH SEATS AND LINING SURFACES.
C THE TEST IS MADE TO FIND IF THE CURRENT SURFACE CONTAINS THE IGN SRC
C FIRE. IF IT DOES, THIS FIRE IS ISOLATED IN THE LOOPS THRU 1750 AND
C 1751 AND THE IF ARRAY IS COMPUTED FOR THE ELMNTS OF THE ION SRC FIRE
C SEE SUBR ISIDE FOR THE DEFINITION OF THE ARRAY IF.
175 CONTINUE

IF(IGNFIR. NE. 1.OR. I.NE. IGSN) GO TO 176
NSGO
PERIMuPIGN
ICON-IEND-ISTART l

DO 1751 ILmlNTOT
DO 1750 Lm1,NIJSG
IF(IGNIJ(I.L).NE.IFR(IL).OR.IGNIJ(2,L).NE.JFR(IL)) GO TO 1750
IUSE(IL)-I
IT-i
IF(FR(IL) EG. IGMNJ) IT=2
IF(JFR(IL).EG. IGMXJ) IT=IT+1O
IF(IFR(IL) EQ. IGMNI) IT=IT100
IF(IFR(IL).EQ. IGMXI) ITIT+1000
IJn(IFR(IL)-ISTART+I).ICON*(JFR(IL)-JSTART)
IF(IJ)-IT
NSGNSQ+1

1750 CONTINUE
1751 CONTINUE

C IGNFIR - 2 IS A FLAG INDICATING THAT THE IGNITION SOURCE FIRE IS
C CURRENTLY BURNING. BECAUSE THE IGN SRC FIRE IS ALWAYS HANDLED
C SEPARATELY CONTROL NOW GOES TO STMT 350 FOR THE COMPUTATION OF
C INDEX LIMITS, FLAME LENGTH, ETC.

IGNFIR-2
GO TO 350

C STMT 176 IS THE STARTING POINT FOR THE PROCESS, GIVEN IN THE NEXT 128
C STMTS (THRU 349). WHICH IDENTIFIES THE GROUPS OF CONTIGUOUS ELMNTS
C WHICH FORM A FIRE BASE. THE PROCESS WORKS AS FOLLOWS. START WITH THE
C FIRST ELMNT GIVEN BY THE I AND J INDICES STORED IN THE FIRST POSITION
C OF THE IFR AND JFR ARRAYS. THE EIGHT IMMEDIATELY NEIGHBORING ELMNTS
C ARE THEN EXAMINED TO FIND WHICH. IF ANY, ARE FLAMING. FLAMING

C NEIGHBORS ARE MARKED BY SETTING THEIR CORRESPONDING MEMBER OF THE
C ARRAY IUSE TO A NON-ZERO INTEGER. WHEN ALL FLAMING NEIGHBORS OF A
C FLAMING ELMNT HAVE B.EN FOUND CONTROL MOVES TO THE NEXT MEMBER OF
C THE IFR AND FR LISTS AND THE SEARCH OF NEIGHBORS REPEATS.
C EVENTUALLY ALL FLAMING ELMNTS IN A FIRE BASE WILL HAVE BEEN MARKED
C AS BEING A NEIGHBOR TO ANOTHER FLAMING ELMNT CONTROL THEN SKIPS TO
C STMT 350 FOR COMPUTATION OF THE FIRE PROPERTIES,

176 ICON-IEND-ISTART+t
C SELECT AS THE TEST ELMNT THE ONE GIVEN BY THE FIRST MEMBERS OF THE IFR
C AND JFR ARRAYS

ICTRaI
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II-IFR(ICTR)
JJ-,)FR(ICTR)
IJ( II-ISTART+I)+ICON*(JJ-JSTART)
IF(NTOT-1) 173,180,190

C IF NTOT = 1 THIS IS A SING"E ELEMENT FIRE
190 NSQ-1

PERIM-4.*SGD
IF(IJ)-1112

IUSE(ICTR)=1
ISAVE-O
GO TO 350

C THE FIRE BASE CONSISTS OF MORE THAN ONE ELMNT. INITIALIZE SEVERAL
C COUNTERS: NOP - NUMBER OF ELMNTS ON THE FIRE BASE PERIMETER
C NSG - TOTAL NUMBER OF ELMNTS ON THE BASE
C PERIM = THE BASE PERIMETER LENGTH.
C NFOUND - NUMBER OF THE EIGHT POSSIBLE NEIGHBORS THAT ARE
C ALSO FLAMING
C IBASE - A MARKER FOR POSITION IN THE IFR AND JFR LISTS
C NBASE - THE NUMBER OF THE FIRE BASE AREA
C NUSE, NOB - TEMPORARY FLAGS USED IN MARKING NEIGHBORS.
190 NSOO

PERIMuO. 0
NOP-O
IUSE(1)-i
NFOUND-O
IBASE-I
NUASEwl
NUSE-O
NOB-I

C CHOOSE A FLAMING ELMNT GIVEN BY INDICES II AND JJ AS DETERMINED WITH
C THE CURRENT VALUE OF IVASE
192 II=IFR(IBASE)

J..)FR(IBASE)
IJ-(II-ISTART+1)+ICON*(JJ-JSTART)
IF(IJ)1l
NSO-NSQ+,

C CHOOSE THE NEIGHBORING ELMNT HAVING A LOWER J INDEX, BUT SKIP THIS
C CHOICE IF II. JJ IS ON THE MINIMUM J EDGE.

IF(J.LE. J1)GO TO 217
ITImII
IT2-JJ-1
IRET-l

C THE FLAG KLOSE SIGNALS BY A VALUE OF ZERO THAT AT LEAST ONE OF THE
C NEIGHBORS OF A FLAMING ELMNT IS NON-FLAMING SO THAT THE FLAMING ELMNT
C MUST LIE ON THE EDGE (PERIMETER) OF A FIRE BASE.
200 KLOSE-1

C THE LOOP THRU STMT 205 CHECKS ALL MEMBERS OF THE IFR AND JFR ARRAYS
C TO FIND IF THE NEIGHBOR IS LISTED. IF SO IT IS MARKED - IF IT HAS NOT
C BEEN MARKED ALREADY.

DO 205 IL-1,NTOT
IF(IL.EG.IBASE)GO TO 205
IF(ITI. NE. IFR(IL) OR. IT2.NE. FR(IL)) GO TO 205
IF(IUSE(IL).NE.O)GO TO 207
NFOUND-NFOUND I
IUSE(IL)-NOB.I
GO TO 207

205 CONTINUE
KLOUE-O

C THIS COMPUTED GO-TO CONTROLS THE SELECTION OF THE NEXT NEIGHBORING
C ELMNT TO BE EXAMINED.
207 GO TO (215,225,235.245),IRET
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215 IF(KLOSE. EG. 1) GO TO 220
C ELMNT II, JJ-1 IS NOT FLAMING -> II, .J IS ON THE PERIMETER
217 NOP-NOP*l

IF(IJ)-2
C SELECT THE NEIGHBOR HAVING THE NEXT HIGHER J INDEX VALUE, BUT SKIP IT
C IF I1, JJ IS ON THE MAXIMUM J EDGE.

220 IF(JdJ.GE.J2)GO TO 227
ITI-11
IT2-JJdl
IRET-2
GO TO 200

225 IF(KLOSE.EG. I) GO TO 230
C ELMNT II, JJ+l IS NOT FLAMING -> II JJ IS ON THE PERIMETER
227 NOP-NOP+

IF(IJ)-IF(IJ)+1O
230 IF(II.EG. ISTART) GO TO 237

C SELECT THE NEIGHBOR HAVING THE NEXT LOWER I INDEX VALUE, BUT SKIP IT
C IF II, JJ IS ON THE MINIMUM I EDGE.

TliI-1-1
IT2-JJ
IRET-3
GO TO 200

C ELMNT I-1. JJ IS NOT FLAMING => II, .J IS ON THE PERIMETER.

235 IF(KLOSE.EG. 1) GO TO 240
237 NOP-NOP+1

IF(IJ)-IF(IJ)+100
C SELECT THE NEIGHBOR HAVING THE NEXT HIGHER I INDEX VALUE, BUT SKIP IT
C IF II, JJ IS ON THE MAXIMUM I EDGE.
240 IF(II. EQ. IEND) GO TO 247

ITI-11+1
IT2=JJ
IRET=4
GO TO 200

245 IF(KLOSE. EG. 1) GO TO 250
C ELMNT 11+1. JJ IS NOT FLAMING -> 11, JS IS ON THE PERIMETER.
247 NOP-NOP+I

IF(IJ)-IF(IJ)+1000
C FOR LINING SURFACE ELMNTS SKIP TO THE CONSIDERATION OF NEIGHBORS AT
C THE CORNERS OF ELMNT II. JJ.
250 IF(I.LE.LSN)GO TO 299

C FOR SEATS COMPUTE THE PERIMETER FOUND SO FAR. THEN IF ALL FLAMING
C ELMNTS ON THE SEAT PART (CUSH. BOTTOM, CUSH. TOP, OR BACK REST) HAVE
C BEEN CHECKED FOR FLAMING NEIGHBORS SKIP TO STMT 350. IF NOT SET IBASE
C TO THE HIGHEST INDEX IN THE IFR AND JFR ARRAYS SO FAR USED AND RETURN
C TO STMT 192 FOR ADDITIONAL CHECKING OF NEIGHBORS BEYOND THAT INDEX.

TEMP-NOP
PERIM-PERIM+TEMP*SGD
NOP-O

275 IF(ICTR GE. NTOT)GO TO 350
ICTRmICTR I
IF(JFR(ICTR).LT..Jl OR. FR(ICTR).GT.J2)GO TO 275
IUSE(ICTR)-1
IBASE.ICTR
GO TO 192

C FOR LINING SURFACES TEST THE NEIGHBORS AT THE CORNERS OF ELMNT II. JJ
C TO FIND IF ANY ARE FLAMING, STARTING FIRST WITH 11+1, Ji-1 BUT SKIP
C THIS ELMNT IF II, JJ IS ON THE MAX I OR MIN J EDGE.
299 IF(II GE. IEND OR. J.J LE.JI)GO TO 315

ITlmII.I
IT2J.J-1
IRET-I
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300 DO 205 IL-1,NTOT

C THIS LOOP THRU 305 HAS THE SAME FUNCTION AS THAT THRU STMT 203; TO
C FIND AND TO MARK NEIGHBORING ELMNTS ALSO FLAMING.

IF(IL. EG. IBASE)GO TO 305

IF(IT1.NE.IFR(IL) OR. IT2.NE.JFR(IL)) GO TO 305
IF(IUSE(IL).NE.0)GO TO 307

NFOUND-NFOUND I
IUSE(IL)-NOB+
0O TO 307

305 CONTINUE
C THIS COMPUTED GO-TO CONTROLS THE SELECTION OF THE NEXT NEIGHBORING
C ELMNT TO BE EXAMINED.
307 GO TO (315,325,335.340),IRET
315 CONTINUE

C SELECT THE NEIGHBOR II1+. JJ+1, BUT SKIP IT IF II JJ IS ON THE MAX I
C OR MAX J EDGE.

IF(II.GE.IEND OR. J.GE.J2)GO TO 325
ITI1II+I
IT2J.J+1
IRET-2
GO TO 300

325 CONTINUE
C SELECT THE NEIGHBOR If-1, JJ+1, BUT SKIP IT IF II, JJ IS ON THE MIN I
C OR MAX J EDGE.

IF(II.LE.1 OR. Ji. GE. J2)GO TO 335
ITI-II-1
IT2JJ+ 1
IRET-3
GO TO 300

335 CONTINUE
C SELECT THE NEIGHBOR II-1, JJ-l° BUT SKIP IT IF II, JJ IS ON THE MIN I

C OR MIN J EDGE.
IF(II. LE. L .OR. JJ. LE. J )GO TO 340
ITImII-1

IT2JUJ-1
IRET-4
GO -0 100

C COMPUTE PIPE PERIMETER.
340 TEMP=NCP

PERIM-PERIM+TEMP*SGD
NOP-O

345 CONTINUE
C THE FOLLOWING 13 STMTS TEST TO DETERMINE THE NUMBER OF NEWLY
C DISCOVERED FLAMING ELMNT NEIGHBORS. IF SOME HAVE BEEN FOUND DURING

C THE LAST SCAN CONTROL RETURNS TO STMT 192 TO CONTINUE SCANNING. IF
C NONE HAVE BEEN FOUND CONTROL SKIPS TO STMT 350 TO START THE

C COMPUTATION OF FIRE PROPERTIES.
NUSE2NUSE+1
IF(NUSE. LT. NBASE)GO TO 346
IF(NFOUND.EO O)GO TO 350

NBASEmNFOUND
NFOUNDwO
NUSE=O
NOB-NOB I

346 NEXT-NUSE,1
C THE LOOP THRU 348 RESETS THE SEARCH POINT, IBASE, IN THE ARRAYS IFR
C AND JFR.

DO 34 IL-I.NTOT
IF(IUSE(IL) NE NOB)GO TO 348
NEXT=NEXT-1
IF(NEXT NE O)GO TO 348
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I BASE=IL
GO TO 192

348 CONTINUE
C CONTROL WILL REACH THIS WRITE STMT ONLY IF AN ERROR OCCURS IN THE
C SCANNING PROCESS. PERTINENT WORKING VARIABLES ARE PRINTED AND THE PGM
C IS STOPPED.

WRITE(6,349)
349 FORMAT(/IOX,47HERROR--DETERMINATION OF ELEMENTS COMPOSING FIRE)

WRITE(6,3490)I, IIJJ, ITI. IT2, ISAVENEXT,NS-3,NOP,NOB,NBTOT,NUSE.
1 NBASE, NFOUND, ICTR, IBASE, NTOT, IL

3490 FORMAT(//5X, 1BI5)
IF(NTOT LE.O) STOP
WRITE,(6,3491)(IFR(NJ),JFR(NJ),IUSE(NJ).NJ-1,NTOT)

3491 FORMAT(i5X,3I)
STOP

C THE NEXT 18 STMTS DEFINE THE MAXIMUM AND MINIMUM I AND J INDICES FOR
C THE FIRE BASE JUST DISCOVERED AND ELIMINATE THE ELEMENTS OF THIS BASE
C FROM THE IFR AND JFR ARRAYS
350 ISET-O

IVMN-999
JVMN-999
IVMX-I
JVMX--I

DO 360 ILI,NTOT
IF(IUSE(IL) NE 0) GO TO 355
ISET=ISET+l
IFR(ISET)*IFR(IL)

JFR(ISET)nJFR(IL)
IUSE(ISET)=IUSE(IL

GO TO 360
355 IF(IFR(IL) LT IVMN) IVMN-IFR(IL)

IF(JFR(IL) LT JVMN) JgMN-,FR(IL)
IF(IFR(IL) GT IVMX) IVMX-IFR(IL)
IF(JFR(IL) OT JVMX) JVMX-,.FR(IL)

360 CONTINUE
C NTOT IS NOW RESET TO THE NUMBER OF FLAMING ELMNTS REMAINING ON THIS
C SURFACE OR GROUP OF SURFACES THAT HAVE NOT AS YET BEEN ORGANIZED INTO
C A FIRE BASE.

NTOT ISET
C FOR SEATS NO RE-SCANNING WILL BE REQUIRED.

IF(I.GT.LSN)GO TO 480
C SET THE FLAG ISAVE = 1 IF RE-SCANNING FOR ADDITIONAL FIRES WILL BE
C REQUIRED.

ISAVE-i
IF(ISET. EQ.O) ISAVE=O

C INCREASE THE NUMBER OF FIRES BY ONE AND SAVE THE I AND J LIMITS. IF
C THIS IS A FIRE ON A SEAT ISFIRE(K) WILL BE CHANGED LATER.
480 K-K I

ISFIRE(K).O
IVMIN(K)-IVMN

IVMAX(K)-IVMX
JVMIN(K)-JVMN
JVMAX(K)-JVMX
XNSO-NSQ

C COMPUTE FIRE BASE AREA.
AF(K)=SGD.SQD*XNSQ

C COMPUTE FIRE BASE HYDRAULIC RADIUS.
YZ(K)m2. O.AF(K)/PERIM

C THE NEXT 26 STMTS COMPUTE THE DISPLACEMENT OF THE FIRE BASE CENTER
C FROM THE FLOOR, ZB(K).

IF(I GT LSN) GO TO 489
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IF(VN(I,1) NE.O. GO TC 4S5
C FOR HORIZONTAL LINING SURFACES Z3 = Z. THE SURFACE DISPLACEMENT

ZB(K)-Z(I)
GO TO 493

C FOR VERTICAL LINING SURFACES THE MAX AND MIN I VALUES ARE USED TO
C FIND THE VERTICAL EXTENT OF THE FIRE
485 KX-IVMIN(K)

IF(VN(I l) LT.O ) KX-IVMAX(K)
ICRIT=IRAY(KX)
FMIN-XMN(ICRIT)
IF(VN(I,) LT 0.) GO TO 487
DIF-IVMIN(K)-IMIN(ICRIT)

GO TO 488
487 DIF=IMAX(ICRIT)-IVMAX(K)
488 DIF-DIF/2.0

FMIN=FM:N+DIF
DIF=FLOAT(IVMAX(K)-IVMIN(K))/4 0
ZB(K)-FMIN DIF
GO TO 493

C FOR SEAT GROUPS ZB IS COMPUTED FROM A WEIGHTED AVERAGE OF THE NUMBER
C OF BURNING ELMNTS ON EACH OF THE 7 SEAT SURFACES. WEIGHTING FACTORS
C ARE THE DISTANCES FROM THE FLOOR TO THE CENTER OF EACH SEAT SURFACE.
489 DO 490 KJI.7
490 TEMJ(K)-NSFL(KJ)

SUM-O.
DO 491 KJ=1,7

491 SUM-SUM*TEMJ(KJ)
ZD(M)=ITEMJ(I+2.*TEMJ(2) 3.75*TEMJ(3)+4. 5*TEMJ(4)+3.*TEMJ(5)1.5-
ITEMJ(6)-1.25*TEMJ(7))/SUM

IF(ZB(K) LT. 1. 0) ZB(K)-I. 0

IF(ZB(K) GT 4 5) ZB(K)=4.5
C BASED ON THE VALUES OF ZB AND THE UPPER ZONE THICKNESS XL, DETERMINE
C IF THE FIRE OCCUPIES THE UPPER ZONE, IZONE(K)=2, OR THE LOWER ZONE,
C IZONE(K)1l.
493 ZO=ZD(IFRCMP)

IZONECK)-2
IF(ZB(K).LT.ZO) IZONE(K)=

C FOR SEATS, -SET THE ARRAY ZSFIRE, AND THE COUNTERS FSN1. FSN2, AND FSN3
IF(I.LE.LSN) GO TO 500
ISFIRE(K)=I-LSN
FSNI1NSFL(1)
FSN2-NSFL(6)+NSFL(7)

FSN3-NSFL(2)+NSFL(3)-NSFL(4)+NSFL(5)
C PREPARE TO COMPUTE THE FLAME LENGTH AND OTHER FLAME PROPERTIES
C DEPENDENT UPON THE MATERIAL BURNING BY SELECTING THE NUMBER, M, OF
C THE MATERIAL.
500 IF(ISFIRE(K).NE.O) GO TO 510

II-IVMIN(K)
IX-IRAY(II)
M-IMATL(IX)
GO TO 585

510 JJ-.JVMIN(A)
IX-IRAYS(JJ)
M-IMATS(IX)

585 CONTINUE
C FOR THE SPECIAL CASE OF THE IGNITION SOURCE FIRE THE COMBUSTION
C QUANTITIE aCM2 THRU RADFIR ARE COMPUTED AG WKlQWTED AVERAGEE O Tw&

C SAME QUANTITIES FOR THE IGN SRC FUEL AND FOR THE MATL ON WHICH THE
C FUEL LIES. THE WEIGHTING FACTORS ARE DETERMINED FROM THE RATIOS OF
C THE ION SRC FUEL AREA, AFI, AND THE TOTAL BASE AREA OF THE FIRE
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C INVOLVING TI-iE IGN SRC FUEL, AF'K)
IF(IBURN.EG 0) GO TO 5E;
IF(I. NE.IGSN) GO TO 89
IF(IGMNI.LT. IVMIN(K) OR. IGMXI.GT IVMAX(K)) GO TO 589
IF(IGMN,JLT.JVMIN(K) OR. IGMXJGT.sJVMAX(K)) GO TO 59

AEXP-AF(K)-AFI
IF(AEXP LE.O.0) GO TO 589
RAI.AFI/AF(K)
RA2-AEXP/AF(CK C

597 GCMB(K) =GCI*RAI.QTAB(M) *RA2
GAMMACK)=GAMI*RAI+GTAB(M)*RA2
RHOZ (K)=RHOI*RAI+RTAB(M)*RA2
UZ (A)XMUI*RAI+UTAB CM) *RA2
RADFIR (K)-RADI*RA1.RAOTAB(M)*RA2
QCMB(K)=GCMB(K)*(1.-RADFIR(K))
GO TO 600

589 RA1=0.
RA2-I.
GO TO 597

C PREPARE TO COMPUTE THE FLAME LENGTH BY SELECTING THE APPROPRIATE
C EXTERIOR (TO THE FLAMES) GAS DENSITY AND TEMPERATURE BASED ON WHICH

C ZONE THE FIRE BASE CENTER OCCUPIES.
600 IF(IZONE(K).EQ.2) GO TO 610

RR-RHOL( IFRCMP)
TT-TL( IFRCMP)
Y02 -CHIL(2. IFRCMP)
GO TO 620

610 RR=RHOU( IFRCMP)
TT-TU( IFRCMP)
Y02 - CHIU(2,IFRCMP)

C THE NEXT 10 STMTS COMPUTE THE FLAME LENGTH SEE EQ 5-14 OlF [13

620 OMEGA(K)-l. 1(l. (Y02*GCMB(K))/(GAMMA(K)*CP*TT))
R=RR/RHOZ (K)
X.OMEGA (K) *R4.GAMMA(CK) /Y02
TEMP-(OMEGA(K)/(1. -OMEGA(K) )*X/(0. 0081 )*X)**0. 2

TEMP=YZ(K)*TEMP*( (UZ(K)/(R*SGRT(GRAV*YZ(K) ) ))**0. 4)

TEMPI=R-1..GAMMA(K),Y02*((1.-OMEGA(K))/OMEGA(K))
TEMP1I(2. 25*TEMP1+1. 6-R)**3
TEMP2-k**3*(1.-C0MEGA(K)*(l.+GAMMA(K)/YO2)/X)*1.95
FKA=( 2.0736 *(1.-OMEGA(K)))*TEMPl/TEMP2
FLML(K)-(1. 49+0. 916*(FKA**0. 2) )*TEMP

C IF THE FLAME LENGTH IS GREATER THAN THE CEILING HEIGHT SET IT TO CH.

IF(FLML(K).GT.CH) FLML(K)-CH
C COMPUTE THE COMBUSTION ZONE LENGTH. SEE EG 5-6 OF C13. IF COMB IS

C GREATER THAN THE CEILING HEIGHT SET IT TO CH.
COMB(K)-1. 49*TEMP
IF(COMB(K). CT. CH) COMB(K)-CH

C THE NEXT 5 STMTS COMPUTE THE EMITTANCE AT THE FLAME BASE CENTER
C SEE EQ 2-4 OF C23,

AFTR=-1 B*ABSCF(K)
EXPI-I. -EXP(AFTR*FLML(K))
EXP2I. -EXP(AFTR*YZ(K))
EXP31. -EXP (AFTR*SGRT(FLML(K)*FLML(K )+YZ (K) *YZ(K)))
ALPC-EXP I+EXP2-EXP3

C THE REMAINING STMTS OF THE SUBROUTINE COMPUTE THE SMOLDERING RANGE,

C PDH, SEE SECTION 4.2.3 OF C13.
ALP-0. 5*ALPC
GPR-GRCM)-(QC(l)+GC(2) C/2.

P-((ALP*FLML(K)*FLML(K))/(ALPC*PI*YZ(K)))-VZ(K)
SZZ-ALP*YZ (K)*FLML(K)*FLML(A)/PI
SZZ-SZZ*U1. /ALPC)-(EB/GPR))
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GAM--P 1:
AA--P.P/3.
BV=(.2. -*P*P*P+27 *SZZ)/2'7.
TEP-DS'BB/4 4AA*AA/27 *AA
IF(TEMP) 630. 640. 650

630 T1-SORT(-AA*AA*AA/27

IF(T2.LT -1.) T2--1-
ZF(T2. CT 1. ) T2ml.
ANG-ACOS (T2)
T4a2. .SGRT(-AA/3.)
XI-T44ICOS(ANG/3. )+GAM
X2-CAM+T4*COS( CANG.2. .Pl)/3.)
X3-GAP +T4*COS( (ANG+4. .PI)/3.)
GO TO 645

640 Tlm(ABS(B9)/2. )*0. 333333
IF(BB. CT.0. ) T1--TI
XI=2. .T.eGAM
X2-GAM-T 1
x3m-999.

645 PDH-Xl
IF(X2. CT. PDH) PDH-X2
IF(X3. CT. PDH) PDH-X3
PDH-PDH-YZ (K')
GO TO 700

650 TI--BB/2. I
T2-SORT(CTEMP)
F1'.(ABSST1+T2) )**0. 333333

F2-0.
IF(Tl. EQ.T2) GO TO 660
F2=(ABS(T1-T2) )**0. 333333
EF(MT-T2).LT.0. ) F2--F2

660 PDH.F1+F2+GAI-YZ (K)

700 RETURN
END
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SUBROUT:NE RATESCI)
C-----------------------------------

C OBJECTIVE(S)
C (1) COMPUTE RATES OF FLAME SPREAD; RATES OF HEAT. SMOKE, AND GAS

C RELEASE. TIMES TO IGNITE, BURN OUT, 3EGIN TO SMOLDER, EXTINGUISH
C FROM SMLDRGi AND THE SMLDRG LAG TIME FOR THE CURRENT FIRE. K. ON

C SURFACE I
C (2) COMPUTE LOCAL FLAME RADIATION LEVELS FOR THE CURRENT FIRE: 01-02.

C THESE LEVELS ARE USED TO FIND THE RATES AND TIMES IN (1) ABOVE.

C (3) COMPUTE THE FLAME ABSORPTION COEFFICIENT FOR THE CURRENT FIRE
C USING THE NEWLY DETERMINED VALUE OF THE RATE OF SMOKE RELEASE.

C THIS ABSORPTION COEFF. WILL CARRY OVER TO THE NEXT PASS THRU THE

C FLAME SPREAD CALCULATIONS TO COMPUTE 01 AND 02.
C COMMENTS
C (1) DUE TO THE POSSIBILITY OF THE CURRENT FIRE. K. SPREADING TO NEW

C SURFACES OF DIFFERENT MATERIALS. RATES COMPUTES THE RADIATION
C CONTROLLED QUANTITIES FUR ALL CABIN SURFACES OSING THE CURRENT
C FIRE'S LOCAL RADIATION AND THE UPPER ZONE GAS RADIATION.
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

COMMON/CNTRL/DELTAT. DELTSP. ECOFLO. IDELT. IDE-NT(20). IDTPRV. IPEMS,
I IPSPR. IPAUX. IRATIO, ISAVE. ISCALE. ITFIN. ITIME. ITIM2,

2 ITSPRD. NPASS. TFINAL. IDBUGI. EPSLN. MAX ITR. MAXCUJT.
3 OCBSKP
COMMON/FIRES/AFMC 7),ASM(7). ISTATE( 120. 15). ISTATS(9. 16, 22).

I IWORD(120,i5),rWORDS(9,16.22).NFLM(7),NPYR(7),
2 RGS( 10. 7).RSS(7). TOTGAS( 10). TOTSEM. TRGF( 10).
3 TRGS(10),TRSF,TRSS.NCE(30),VITNR.TOTVIT,RADFIR(30),
4 ACM(7),AF(30),AFI,AEXP,COMB(30),DO)K,FLML(30),FSNI,
5 FSN2.FSN3,GAMMA(30). IBURN. IF(600). IGMNI, IGMNJ.IGMXI.

6 IGMXJ. INFIR. IGNIJ(2. 100). IGSN. ISFIRE(30). IVMAX(30).

7 IVMIN(30). IVMN. IVMX. IXFIRE. IZONE(30).JVMAX(30),
e ~ JVMIN(30),JVMN.JVMXANFE(30),NFIRES,.NIJCNIJS,
9 NPE-(30),NSFL(7),OMEGA(30),PDH,PIGN.RF(20,4),RFS(7,4),
1 RFWS,RGF(10,7).RGFK(I0).RHOZ(30),RSF(7),RSFK,TD.
2 TBURNI,UZ(30),YZ(30),ZD(30),RHOEFGCHIEF(11).
3 FLOWIN. FLWOUT. TEFO. IFRVNT. GENRAT(I1). TDGMTL(7).
4 TP(7).TPC(7)

COMMONGASES/CHIL(11i,5). CHIU( 11. 5).CP. NGAS( 11), NSPCS, PAMB. PF( 5)..

I RHOAM.RHOL(5),RHOU(3).TAM,TL(5).TU(5).VOLL(5),
2 VOLU(5),ZD(5).XTHEN(120OhWMOLEC(l).TWO(I01),
3 JCOR(120)
COMMON/GMTRY/IMATLC20). IMATS(7), IMTLP(4). IMAX(3O). IMIN(30).

1 IRAY(116),IRAYS(22).,JMAX(30),JMIN(30),LSN.MAXELI.N~s.
2 CHCL(4),CWDWS,HSTS,IARX(40,15),IARY(40.12),ICLL,
3 ICL.R. END. IFIRL,.IFIRR. ILSTL. ILSTR. IONEC9),
4 155WLI(9.10),ISSWLJ(9,1O),ISSWRI(9,1O),ISSWRJ(9.10).
5 ISWSL(15. B).ISWSR(15. B). ISTART.NPROJ.IP.JUL. IPJLL.

6 IP..JUR. IPJLR. JEND. JONE(9). JSTART NJS. NSG. NV, SGWD(9).
7 SL,SWD(20),VN(20,3),VENTH(24),VENTW(24),VENTT(24),
a XMN(30),XMX(30),XCOR(9),YCOR(9).Z(30),SSGWD,TVSG.

9 HT1,HT2,HT3,HT4(10).NSSTS,SLSW.SXC30).SZ(30).
I CNCTNS(24),NCOMPSIFRCMP.FLOW(24),INTO(24),VTOTAL(4),
2 FHMIN
COMMON/MATLS/TABX( 18. 7.6).TABY( 18. 7.6). NTXG. FOXI.RADTAB (7). RADI,

1 FOX(7),NMATLS,DI,DGM(7),GAMI,GTAB(7),ITF(20).IRAMPT,
2 ITFC(20),ITFCS(7),ITFS(7),ITP(20),ITPC(20),ITPCS(7),
3 ITPE(20),ZTPES(7),ZTPSC7),QCI,QP(7),QTAB(7)URHOI,
4 RHOM(7),RSI.RTAB(7),RTGI(10),UTAB(7).CNDCTY(7), XMUI.
5 XMFI, TKNS(7). TSL(30. 2.4). TSP(2. 2.4). CPM(7). WMMTL(7),
6 WMIGFTKNSIN(7)
COMMON/PARAMS/GRAV. P1.QTR. RGAS. SIGMA. SOD.THOU. TOL. EC.EP
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COMMON/FADTNALPCABSCF(30),EB, GC(Z)
DIMENSION GB(20),GBS(7)

C 01 = LOCAL FLAME RADIATION INTENSITY AT THE EDGE OF THE FLAME BASE
C (FLAME FOOT) IN BTU/(FT*FT*SEC).
C 02 a LOCAL FLAME RADIATION INTENSITY OVER FLAME BASE (AVERAGE
C VALUE) IN BTU/(FT*FT*SEC).
C ALPC. THE FLAME EMITTANCE FOR THIS FIRE, WAS JUST FOUND IN SUBR. SCAN

01-ALPC*EB/2.
02-0. 84*EB*ALPC

C IRET IS A FLAG TO INDICATE WHETHER THE SURFACE UNDER CONSIDERATION IN
C THE LOOP BELOW IS A LINING (IRET - 0) OR A SEAT SURFACE (IRET - 1)

IRET-0
C ZZ IS THE DISTANCE FROM THE CABIN FLOOR TO THE BOTTOM OF THE UPR ZONE

ZZ = ZD(IFRCMP)
C an - ARRAY CONTAINING THE RADIATION INTENSITY DUE TO UPPER ZONE GAS

C RADIATION AT EACH LINING SURFACE, SUBSCRIPT IS SURF NUMBER
C BS ARRAY CONTAINING THE RADIATION INTENSITY DUE TO UPPER ZONE GAS

C RADIATION AT EACH SEAT SURFACE, SUBSCRIPT IS SURF NUMBER.

C 0BS IS ASSUMED TO BE THE SAME FOR THE CORRESPONDING SURFACE
C ON ALL SEAT GROUPS.
C INITIALIZE QB(1) TO 0C(1), THE GAS-TO-LOWER-ZONE-SURFACES RADIATION
C FLUX COMPUTED DURING THE LAST PASS IN ATMOS IF THE UPPER ZONE HAS
C REACHED THE FLOOR, SET 02(l) TO QC(2), THE GAS-TO-UPPER-ZONE-SURFACES
C FLUX LAST COMPUTED IN ATMOS. ON THE FIRST FLAME SPREAD PASS OC(1)-

C OC(2) = 0.
09(1 )aOC(1)

IF(-ZZ.LE.O. ) GB(1)0QC(2)
C ICT IS A SWITCH USED TO DIFFERENTIATE BETWEEN LINING AND SEAT SURFACES
C AND TO SELECT AMONG SEAT SURFACES. ICT-1 -> LINING SURFS.

ICT=1
C START OF A LOOP OF ALL CABIN LINING SURFS, L - SURFACE NUMBER

L-1
10 L-L+

IF(L.GT.LSN)GO TO 180
C DETERMINE THE POSITION OF THE ZONE INTERFACE, ZZ, WITH RESPECT TO THE
C MAXIMUM, XMX, AND MINIMUM, XMN. HEIGHTS OF A SURFACE ABOVE THE FLOOR
C AND APPORTION THE FLUX LEVELS QC() AND QC(2) ACCORDINGLY BY LINEAR

C INTERPOLATION.
100 IF(XMXL) .LT. ZZ ) GO TO 110

IF(XMN(L) .GT. ZZ ) GO TO 120
TEMP = 0.
D - XMX(L) - XMN(L)

IF( D .LE. 0. ) GO TO 120
TEMP - ((ZZ-XMN(L))*GC(1) + (XMX(L)-ZZ)*GC(2)) / 0
GO TO 130

110 TEMP - OC(l)
GO TO 130

120 TEMP - GC(2)
130 CONTINUE

C USE FLAG IRET TO ASSIGN THE FLUX LEVEL TO THE ARRAY FOR LINING SURFS,
C QB, OR FOR SEATS, 0BS. SUBSCR II FOR OBS WILL HAVE BEEN SET WHEN
C CONTROL REACHES STMT 160, SEE BELOW.
150 IF(IRET.E. )GO TO 160

OB(L)*TEMP
GO TO 170

160 GBS(II)-TEMP
C LOOP BACK TO STMT 10 IF NOT ALL LINING SURFS HAVE BEEN CONSIDERED
C (ICT-1). FOR ICT - 2.3. OR 4 SKIP TO STMTS DEFINING XMX AND XMN POX

C SEAT SURFACES FROM WHERE CONTROL RETURNS TO STMT 100 FOR FLUX

C ASSIGNMENT FOR ICT w 5 SKIP TO 200 TO START PROPERTY DETERMINATIONS
C NOTE: STMTS SETTING XMX AND XMN FOR SEATS SHOULD BE MOVED TO SUBR
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C 1NITZ IN ANy FUTURE UPGRADE.
170 GO TO(1O,70,80,90.200),ICT

C CONTROL REACHES THIS SECTION AFTER LINING SURFS HAVE BEEN EXAMINED.
C NOW THE 7 SEAT SURFACES WILL BE ASSIGNED FLUX LEVELS, OBS, DEPENDING
C UPON WHICH ZONE THEY OCCUPY. SEE REFS. FOR SEAT SURFACE NUMBERING
180 OBS(1)-GC(l)

XL - CH - ZZ

C IF THE UPPER ZONE COVERS ALL OF THE SEATS USE UPPER ZONE FLUX LEVEL
IF(XL.GT.HT3) OBS(1)-GC(2)

C TEST TO SEE IF ANY PART OF THE SEATS IS IN THE UPPER ZONE.
IF(XL.GT.HTI) GO TO 50

C ALL THE SEATS ARE IN THE LOWER ZONE.
OBS(4)-GC(1)
GO TO 60

C AT LEAST THE BACKREST TOPS ARE IN THE UPPER ZONE.
50 BS(4)GC(2)

C TEST TO SEE IF THE SEAT CUSHION TOPS ARE IN THE UPPER ZONE.
60 3S5(6)-GC()

IF(XL.GT.HT2) OBS(6)-GC(2)
C LOWER SEAT BACK REAR SURFACE (SEAT SURF 2)

IRET-i
ICT-2
11-2
XMX(L)-3.0
XMN(L)-l.0

GO TO 100
C UPPER SEAT BACK REAR SURFACE (SEAT SURF 3)
70 ICT-3

11-3
XMX(L)-4. 5
XMN(L)=3.0

GO TO 100
C SEAT BACK FRONT SURFACE (SEAT SURF 5)
so ICT-4

11-5
XMX(L)-4.5
XMN(L)-l.5
GO TO 100

C SEAT CUSHION FRONT SURFACE (SEAT SURF 7)
90 ICT-5

11-7
XMX(L)-1.5
XMN(L)-I.0
GO TO 100

C START OF A LOOP OVER ALL LINING SURFACES TO FIND FLAME SPREAD RATES
C AND IGNITION, BURN OUT, AND SMOLDERING LAG TIMES.
200 DO 210 L-1,LSN

C OT- GAS ZONE RADIATION (GB) + FLAME FOOT RADIATION (01), THIS IS THE
C NUMBER USED TO INTERPOLATE IN THE MATERIALS PROPERTY TABLES

GTGUB(L)4Gl

C SELECT MATERIAL TYPE OF THIS SURFACE
M-IMATL(L)

C USE SUBR LINT TO INTERPOLATE FOR THE VALUES OF HORIZONTAL FLAME SPREAD
C RATE, RH (FT/SEC), UPWARD FLAME SPREAD. RU (FT/SEC). AND DOWNWARD
C FLAME SPREAD RATE, RD (FT/SEC). INTEGERS ARE DATA TABLE NUMBERS

CALL LINT(I,T, M, RH)

CALL LINT(2,QTM,RU)
CALL LINT(3, QT. M. RDWN)
IF(I. NE.L)GO TO 201

C ASSIGN FLAME SPREAD RATES TO THIS SURFACE (L) ACCORDING TO ITS ORIEN-
C TATION AS DETERMINED BY THE NORMAL VECTOR, VN
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201 RF(L,1) RH
RF(L 2)RH
IF(VN(L,3).E. O. GO TO 202
RF(L, 3)=RH
RF(L, 4)-RH

GO TO 206
202 IF(VN(L,1).LT 0.) GO TO 204

RF(L.3)-RDWN
RF(L,4)-RU
GO TO 206

204 RF(L,3)-RU
RF(L, 4)-RDWN

C OT = GAS ZONE RADIATION (QB) + AVERAGE FLAME BASE RADIATION (Q2)
C USE LINT TO INTERPOLATE FOR TIME TO IGNITE, ITF; SMLDRG LAG. TIME,
C ITPEi AND TIME TO BURN OUT, ITFC. ALL VALUES ARE IN INTEGER SECONDS.
206 QTQB(L)+02

CALL LINT(4, GT,MX)
ITF(L)-X+O. 5
CALL LINT(7, QT, M,X)
ITPE(L)-X+0.5
CALL LINT(SQTM,X)
ITFC(L)iX+0. 5

C END OF THE LINING SURFACE LOOP
210 CONTINUE

C START OF A LOOP OVER THE 7 SEAT SURFACES TO FIND FLAME SPREAD RATES,
C AND IGNITION. BURN OUT, AND SMOLDERING LAG TIMES.

DO 220 Lml,7
C OT - GAS ZONE RADIATION (09S) + FLAME FOOT RADIATION (01)

0T-GBS(L)+GI
C SELECT MATERIAL TYPE FOR THIS SEAT SURFACE.

M-IMATS(L)
C FIND HORIZONTAL, UPWARD, AND DOWNWARD FLAME SPREAD RATES, SYMBOLS AND
C UNITS AS ABOVE FOR LINING SURFACES.

CALL LINT(1,T,M,RH)
CALL LINT(2,GT.M.RU)
CALL LINT(3,GT,M.RDWN)
IF(I.LE.LSN)GO TO 2100

2100 RFS(L,3)-RH
RFS(L,'4)-RH

C SELECT AMONG THE 7 SEAT SURFACES TO ASSIGN FLAME SPREAD RATES BY
C SURFACE ORIENTATION. N-L-SURFACE NUMBER.

N-L
GO TO (211,212,212,211,214,211,214),N

211 RFS(L,1)-RH
RFS(L, 2)-RH
GO TO 216

212 RFS(LL)-RDWN
RFS(L, 2)-RU
GO TO 216

214 RFS(Lo )-RU
RFS(L, 2)-RDWN

C OT - GAS ZONE RADIATION (BS) + AVERAGE FLAME BASE RADIATION (02)
C INTERPOLATE FOR IGNITION, BURN OUT, AND SMLDRG LAG TIMES AS ABOVE.

216 QT-QBS(L)+ 2
CALL LINT(4.GT,M,X)
ITFS(L)X+0. 5
CALL LINT(7,OT, MX)
ITPEC(L)-X40. 5
CALL LINT(.GT,M,X)
ITFCS(L)X+0. 5

C END OF THE SEAT SURFACE LOOP
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220 CONTINUE
C FOLLOWING LOOP IS FOR FINDING THE RATES OF HEAT, SMOKE, AND GAS

C EMISSION. NOTE THAT UNLIKE THE FLAME SPREAD RATES AND IGNITION, ECT.
C TIMES FOUND ABOVE, THE LOOP IS OVER ALL MATL TYPES SINCE NO GUANTITIES

C INVOLVING STATE CHANGES ARE INVOLVED

DO 230 MI,NMATLS
C DETERMINE IF THIS SURFI, IS A SEAT OR LINING SURFACE AND ASSIGN TOTAL

C FLUX LEVELS AS REGUIRED. OT - GAS FLUX + AVG FLAME BASE FLUX.

IF(I.GT.LSN) GO TO 221
OT-QB(1)+02
GO TO 222

221 OT-OBS(I)+02

222 CONTINUE
C INTERPOLATE FOR HEAT RELEASE, DOM (BTU/(FT*FT*SEC))i SMOKE RELEASE,
C RSF (PART/(FT*FT*SEC))i AND GAS RELEASE, RGF (LDM/(FT*FT*SEC)) RATES

C USING OT. VALUES ARE FOUND FOR ALL MATL TYPES
C SINCE THE MATL TYPES WHICH WILL BE INVOLVED IN NEW IGNITIONS BY THIS
C FIRE ARE UNKNOWN AT THIS POINT IN THE PGM. VALUES ARE STORED IN THE

C ARRAYS DOM,RSF, AND RGF WHICH ARE SUBCRZPTED BY MATL TYPE..

CALL LINT(5oQTM.DQM(M))
CALL LZNT(6,QT,M,RSF(M))
NO-8
DO 225 IG-loNTXG
NO-NO I
CALL LINT(NO, QT,M.RGF(IG,M))

225 CONTINUE
230 CONTINUE

C THE NEXT 38 STMTS (THRU 460) COMPUTE THE TOTAL RATES OF HEAT, SMOKE,

C AND GAS EMISSION. AND OXYGEN CONSUMPTION FOR THE CURRENT FIRE, K, JUST
C ISOLATED BY SUBR SCAN. THESE VALUES ARE STORED IN

C D0K RATE OF HEAT EMISSION (BTU/SEC)
C RSFK = RATE OF SMOKE EMISSION (PARTICLES/SEC)

C VITNR - RATE OF OXYGEN CONSUMPTION (LBM/SEC)

C RGFK(IG) - RATE OF EMISSION OF THE GAS SPECIE 10 (LUM/SEC)

C SINCE SUMMATION IS INVOLVED, FIRST INITIALIZE THE VARIABLES.
SA-SOD*SOD
DQK-O.
RSFK-O.
VITNR-O.

DO 315 IO-I,NTXG
315 RGFK(IG)0O.

C DETERMINE THE MAXIMUM AND MINIMUM I AND J INDICES FOR THE ELMTS

C COMPOSING THIS FIRE.
II IVMIN(K)
12-IVMAX(K)
JI JVMIN(K)
J2sJVMAX(K)

C SEARCH THIS AREA DEFINED BY THE MAX AND MIN I AND J'S TO FIND THE

C ACTUAL BURNING ELMNTS
DO 460 1111,12
DO 450 .J.Jl. J2
CALL CVOUT(II.J,. I, IST, ISTP, ITFCP)
IF(IST.NE.ISTP OR. IST NE.3) GO TO 450

C IGNITION SOURCE ELMNTS WILL NEED SPECIAL TREATMENT SO SKIP THE TEST

C FOP ION SRC ELMNTS IF THE CURRENT SURF IS NOT THE ION SRC SURFACE.
IF(I. NE. IGSN) GO TO 420

C TEST TO FIND IF THIS ELMNT (II,JJ) IS AN ION SRC ELMNT, IF SO SKIP TO
C STMT 445 TO INCLUDE THE EFFECTS OF THE ION SRC FUEL IN THE HEAT, SMOKE
C AND GAS RELEASE.

DO 410 KJ-1,NIJSO
IF(II.EQ. IGNIJ(1.KJ) AND JJ.EQ. IGNIJ(2,KJ))GO TO 445
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410 CONTINUE
C TEST TO SEE IF THIS NON-IGN SRC ELMNT IS A SEAT OR LINING SURF ELMNT.
420 IF(I.GT.LSN) GO TO 430

C SELECT THE MATERIAL TYPE FOR THIS SURFACE AND STORE IN KTEMP
KXmIRAY(II)

KTEMP-IMATL(AX)
GO TO 435

430 IS-I-LSN
C SELECT THE MATERIAL TYPE FOR THIS SURFACE AND STORE IN KTEMP

KXWIRAYS(JJ)
KTEMP-IMATS(KX)

C COMPUTE THE TOTAL RATES OF RELEASE AND OXYGEN CONSUMPTION.
435 DGK-DGK+SA*DM(KTEMP)

RSFK-RSFK+SA*RSF(KTEMP)
TDQMTL(KTEMP) = TDGMTL(KTEMP) + SA * DQM(KTEMP)
VITNR=VITNRSA*DrM(KTEMP)/FOX(KTEMP)
DO 440 IGI,NTXG

440 RGFK(IG)-RGFK(IG) SA*RGF(IGKTEMP)
GO TO 450

C COMPUTE THE TOTAL RATES OF RELEASE AND OXYGEN CONSUMPTION FOR THIS
C FIRE WHICH INVOLVES IGN SRC FUEL.
445 DQK-DQK+SA*DGI

RSFKaRSFK+SA*RSI
VITNR-VITNR+SA*DQI/FOXI
DO 447 IG-I.NTXG

447 RGFK(IG)-RGFK(IG)SA*RTGI(IG)
450 CONTINUE
460 CONTINUE

C COMPUTE THE FLAME ABSORPTION COEFFICIENT, ABSCF, FOR 
T
HIS FIRE K USING

C THE CURRENT RATE OF SMOKE RELEASE. UNITS OF ABSCF ARE 1/FT. SEE APNDX
C D OF E23.

ABSCF(K)O. 21*RSFK/(SGRT(FLML(K)*GRAV)*AF(K))
C PROVIDE A DEFAULT VALUE OF 0.25 I/FT FOR ABSCF.

IF(ABSCF(K).LE.O.) ASSCF(K)-O.25
RETURN
END

A-i19



SUBROUr:NE cCrON I)

C OBJECTIVEiS)
C (1) COMPV.TE FLAME SPREAD TO ELEMENTS ADJACENT TO BURNING ELEMENTS ON
C CABIN L:NING SURFACE SPECIFIED BY THE VALUE OF THE ARGUMENT 1.

C (2) WHEN THE LINING SURFACE IS A SIDEWALL NEXT TO A SEAT GROUP FLAME
C SPREAD IS COMPUTED FROM THE SIDEWALL TO THE SEAT.
C COMMENTS
C (1) SIDEWALL TO SEAT SPREAD MECHANISM IS MODELED VERY APPROXIMATELY BY

C COMPUTIN42 A TIME TO SPREAD, TIMWS, FROM THE VALUES OF A SPREAD

C VELOCITY, RFWS. AND A DISTANCE, OWS, GIVEN IN THE INPUT. THIS
C MODEL SHOULD BE REPLACED WHEN A BETTER UNDERSTANDING OF THIS
C PROCESS IS OBTAINED.
C (2) VALUES OF THE VARIABLES IVMN, JVMN. IVMX. JVMX, ISTART, JSTART,
C IEND, JEND, AND THE ARRAYS RF, DOM, RSF, RGF. AND ITFC HAVE JUST

C BEEN SET FOR THE CURRENT FIRE K BY SUBROUTINES SCAN AND RATES
C ABOVE. EACH TIME A FIRE IS ISOLATED THESE VALUES WILL CHANGE BASED
C ON THE FIRE SIZE, RADIATION, AND SURFACE MATERIAL.
C--------------------------------------------------------------------------------

COMMON/CNTRL/DELTAT. DELTSP, ECOFLG. bELT. IDENT(20). IDTPRV. IPEMS.
I IPSPR. IPAUX. IRATIO, ISAVE. ISCALE, ITFIN. ITIME. ITIM2.
2 ITSPRD.NPASS.TFINAL. IDBUGI.EPSLN.MAXITR,MAXCUT,

3JCBSKP
COMMON/FIRES/AFM(7). ASM(7). ISTATEC 120. 15), ISTATS(9. 16. 22).

I I4WORD(120,15),XWORDS(9,16,22).NFLM(7),NPYR(7),
2 RGS(1O,7).RSS(7),TOTGAS(1O).TOTSEM.TRGF(1O),
3 TRGS(1O). TRSFTRSS,NCEC30).VITNR,TOTVIT,RADFIR(30),
4 ACM(7),AF(30),AFI,AEXP.COMB(30),DOMFLML(3O).FSNI,
5 FSN2,FSN3.GAMMA(30). IBURN. IF(600). IGMNI. IGMNJ, IGMXI,
6 IGMXJ.IGNFIR.IGNIJ(2,100),IGSN.ISFIRE(30),IVMAX(30).
7 IVMIN(30).IVMN. IVMX. IXFIRE. IZONEO3),JVMAX(30),
a jVMIN(30),JVMN,JVMXK,NFE(30),NFIRES,NIJCNIJSG.
9 NPEC3O). NSFL(7).OMEGA(30). PDH. PIGN. RF(2O.4). RFS(7.4).

I RFWS,RGF(10,7),RGFK(1O),RHOZ(30),RSF(7),RSFK.TDO,
2 TBURNI.UZ(30),YZ(30). ZB(30),RHOEFG.CMIEFGCXi),
3 FLOWIN. FLWOUT, TEFO. IFRYNT. GENRAT( 11). TDQMTL(7),
4 TP(7),TPC(7)

COMMON/GASES/CHIL( 11.5). CHIU(Il, 5). CP.NGAS( 11). NSPCS. PAMB, PF( 5),

I RHOAM. RHOL(5). RHOUCS). TAM. TL(5), TUCS). VOLL(5).
2 VOLU(5),ZD(5).XTHENC12O),WMOLEC(11),TWO(IOI),
3 JCOR(120)
COMMON/GMTRY/IMATL(20). IMATS(7),IMTLPC4).IMAX(30),IMINC30).
1 IRAY(116),IRAYS(22),JMAX(30),JMIN(30),LSN.MAXELI,NS,
2 CH,CL(4),CW.DWSHSTS.IARX(40, 15).IARY(40. 12). ICLL,

3 ICLR. lEND. IFIRL. IFIRR. ILSTL. ILSTR, IONE(9),
4 ISSWLI(9,10).ISSWL.J(. 1O),ISSWRZ(9,10),ISSWRJ(9.1O),
5 ISWSLC15.S). ISWSR(15,B). ISTART.NPROJ.IP.JUL. IPJLL,
6 IPJUR. IPJLR,.JEND,JONE(9).JSTART.,N)J,NSG,NVSGWD(9).
7 SL.SWD(20),VN(20,3),VENTH(24),VENTW(24).VENTT(24),
a XMN(30).XMX(30),XCOR(9),YCOR(9),Z(30).SSGWDTVSG,

9 HTI.HT2,HT3,HT4(10),NSSTS,SLSW,SX(30).SZ(30).
1 CNCTNS(24).NCOMPS, IFRCM'PFLOW(24). INTO(24).VTOTAL(4),
2 FMMIN
COMMON/MATLS/TABX(1S. 7,6).TAUY(1S,7.6),NTXGFOXI,RADTAB(7),RADI,

1 FOX(7).NMArLS,OGI,DQM(7),GAMI.G^TAD(7), ITFt2O?,IRA'PT,
2 ITFC(20).ITFCS(7),ITFS(7).ITP(20).ITPCC20),ITPCS(7),

3 ITPE(20) ITPES(7)* ITPS(7).OCI*GP(7),QTAB(7).RHOI,
4 RHOM(7),RSI.RTAS(7),RTGI(1O),UTAB(7),CNDCTY(7), XMUI,
5 XMFI, TKNS,7). TSL(30, 2.4). TSPZ, 2,4). CPM(7). WMMTL(7),
6 WMIGF.TKNSIN(7)
COMMON/PARAMS/GRAV, Pt. TR, ROAS.SIGM'A, SOD.THOU. TOLEC. EP
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COMMONP.AOTN,.ALPC, AZ flO),EB,OC.2)

DIMENSION ISD,4)

C II AND JJ ARE ELMNT INDICES TO BE USED IN THE SEARCH PROCEDURE
C INITIALIZE THEM USING THE MINIMUM I VALUE, IVMIN, AND MINIMUM J VALUE,
C JVMIN, FOR THE CURRENT FIRE.

II-IVMN-I
JJ-JVMN-1

C ICON, A CONVERSION FACTOR, IS COMPUTED USING THE MINIMUM AND MAXIMUM
C I INDEX VALUES, ISTART AND IEND, FOR THE CURRENT SURFACE (SURFACE NUM-
C BER I) ISTART IEND, JSTART, AND JEND ARE SET IN SUBR FIRE AND WILL

C STAY CONSTANT AS LONG AS THE CURRENT SURFACE NUMBER, I. REMAINS SO.
ICON-IEND-ISTART I

C STMT 10 IS THE START OF THE MAIN LOOP OVER THE ELMNT INDEX II. THIS
C LOOP TERMINATES AFTER STMT 170.
10 11=11+1

C USE ARRAY IRAY TO FIND THE SURFACE NUMBER, KK, ON WHICH ELMNT ROW II
C IS LOCATED (NOT NECESSARILY SURFACE I)

KK=IRAY(II)
C STMT 20 IS THE MAIN LOOP OVER ELMNT INDEX JJ, ENDING AFTER STMT 170.

20 JJ-J.Jl
C COMPUTE THE INDEX OF ARRAY IF WHICH CORRESPONDS TO THE ELMNT II.JJ.

IJ-(II-ISTART+I)+ICON*(JJ-JSTART)
C USE ARRAY IF AND SUSR ISIDE TO FIND IF ELMNT II,JJ IS PART OF AND ON
C THE EDGE OF A FIRE.
28 IF(IF(IJ).LE.1) GO TO 170

CALL ISIDE(IF(IJ)oISD)
C USE SUBR CWORD TO UNPACK THE TIME-IN-STATE CLOCK, ITX, FOR ELMNT IIJJ

CALL CWORD(IWORD(IIJJ),ITX,ITY)
TXO ITX

C L WILL BE USED AS A DIRECTION INDICATOR
L-1

C STMT 30 STARTS A LOOP THRU STMT 100 FOR COMPUTING THE SPREAD, IF ANY,
C IN EACH OF THE FOUR DIRECTIONS AROUND ELMNT IIjj. TEST FOR A ZERO
C VALUE OF THE CURRENT FLAME SPREAD RATE (ON THE SURF KK) IN THE
C DIRECTION L. L-1 -> DECREASING J DIRECTION. L-2 -> INCREASING J
C DIRECTION L=3 -> DECREASING I, AND L-4 -> INCREASING I. THE SPREAD

C RATE ARRAY RF HAS BEEN LOADED WITH THE PROPER RATE VALUES FOR THIS
C SURFACE AND FIRE IN THE LAST PASS THRU SUBR RATES.

30 IF(RF(K,L).LE.O.0) GO TO 100
C IF ISD(L) = 0 THE ADJACENT ELMNT IN THE L DIRECTION IS ALSO FLAMING
C SO SKIP TO STMT 100 TO GO ON TO A NEW DIRECTION.

IF(ISD(L).EQ.0) GO TO 100

C COMPUTE THE TIME TO SPREAD FROM ONE ELMNT CENTER TO THE NEXT FOR THE
C CURRENT SPREAD RATE.

TIMSP-SQD/RF(KKL)
C IF THE TOTAL TIME THAT THE ELMNT II. JJ HAS BEEN IN THE FLAMING STATE
C IS LESS THAN THE TIME TO SPREAD TO THE ADJACENT ELMNT NO SPREAD IN
C THIS DIRECTION CAN OCCUR. THEREFORE SKIP TO STMT 100 TO LOOK AT A NEW
C DIRECTION.

IF(TXO.LT.TIMSP) GO TO 100

C CONTROL REACHES THIS POINT WHEN SPREAD CAN OCCUR. BRANCH ACCORDING TO
C THE CURRENT DIRECTION

GO TO(40,50,O, 70),L

C DECREASING J DIRECTION TEST FOR J-1 =" NO SPREAD CAN OCCUR OFF OF THE

C LEADING EDGE OF THE ELMNT ARRAY. IF J IS NOT -1 COMPUTE INDICES OF THE
C ELMNT TO WHICH FIRE MAY SPREAD.
40 IF((JJ-1).GE. 1) GO TO 45
41 CONTINUE

GO TO 100
45 IDXI-II

IDXJA1-1
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GO TO 8O
C INCREASING -J DIRECTION. TEST FOR SPREAD OFF THE TRAILING EDGE OF THE
C ARRAY. COMPUTE THE INDICES OF THE ELMNT TO WHICH FIRE MAY SPREAD.
50 IF((JJ+1).GT JMAX(KK)) GO TO 41

IDXI-II
IDXJ-,J l
GO TO 80

C DECREASING I DIRECTION. TEST FOR SPREAD OFF THE LEFT (LOW I) EDGE OF
C SURFACE 1. IF SO THE I INDEX OF THE ADJACENT ELMNT WILL BE THE HIGHEST
C I ON THE LEFT SIDEWALL. COMPUTE INDICES TO WHICH FIRE MAY SPREAD.
60 IF((II-1).GE. 1) GO TO 62

IDXI=MAXELI
GO TO 65

62 IDXIII-1
65 IDXJ.JJ

GO TO 90
C INCREASING I DIRECTION. TEST FOR SPREAD OFF THE HIGH I EDGE OF THE

C LEFT SIDEWALL AND THUS TO THE I1m ROW ON THE FLOOR
C COMPUTE THE ELMNT INDICES TO WHICH FIRE MAY SPREAD.
70 IF((II 1).LE.MAXELI) GO TO 72

IDXI1I
GO TO 65

72 IDXIWII.1
GO TO 65

C USE IRAY TO DETERMINE WHICH SURFACE ON WHICH THE "CANDIDATE" ELMNT
C LIES. THEN UNPACK THE DATA ON THIS ELMNT WITH CWORD AND CVUT.
60 KV-IRAY(IDXI)
82 CALL CWORD(IWORD(IDXI, IDXJ), ITX, ITY)

CALL CVOUT(IDXIIDXJ.KV, IST. ISTP, ITFCP)
C BASED ON THE CURRENT STATE, IST, OF THE CANDIDATE ELEMENT, EITHER
C SET IT TO FLAMING (STATE 3) AT STMT 83 OR TAKE NO ACTION BY SKIPPING
C TO STMT 100. NO ACTION IS TAKEN IF THE CANDIDATE ELEMENT IS CURRENTLY
C IN STATES 3, 4. OR 7.

GO TO (83,83,100,100,83,83,100),IST
C THE CANDIDATE ELMNT IS IGNITED. INCREASE THE HEAT, SMOKE, AND GAS
C RELEASE RATES AND THE OXYGEN CONSUMPTION RATE. IF THE ELMNT WAS IN
C STATE 2 DECREASE THE COUNT OF SMOLDERING ELMNTS BY ONE.
83 IF(IST.EG.2) NPE(KV)-NPE(KV)-t

KTEMP-IMATL(KV)
DGK-DGK.QTR*DQM(KTEMP)
RSFK-RSFK+GTR*RSF(KTEMP)
TDGMTL(KTEMP) = TDGMTL(KTEMP) + GTR * DGM(KTEMP)
VITNR-VITNR QTR*DGM(KTEMP)/FOX(KTEMP)
DO 85 IG-I,NTXG

85 RGFK(IG)-RGFK(IG)+QTReRGF(IG.KTEMP)
C SET THE "FRACTION CONSUMED" CLOCK, ITFCP. USING THE SPREAD CALCULATION
C INTERVAL, DELTSP, AND THE TIME-TO-BURN-OUT, XTFC. THIS SETTING IS
C THE FRACTION CONSUMED BY THE END OF THIS PASS.

XTFC-ITFC(KV)
IF(XTFC.LE.O. ) GO TO 100
KTEMP-(DELTSP/XTFC)*THOU
ITFCPwITFCP+KTEMP

C SET THE STATE TO 3. THE TIME-IN-STATE TO ZERO MILLISECONDS, AND UP THE
C COUNT OF FLAMING ELMNTS BY ONE
90 IST-3

ITX-O
NFE(KV)=NFE(KV)*I

C REPACK IWORD AND ISTATE WITH THE NEW CONDITION OF ELMNT IDXI, IDX)
ISO-I
IF(ITY LT 0) ISG--I
IWORD(IDXI, IDXJ)=ITY*10000ISG*ITX
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ISTATE(IDXI, :DXJ,=ITFC:*ICO-ISTP.1, IST
C IF ALL DIRECTIONS AWAY FROM ELMNT I, , mA-E 3EEN EXAMINED SKIP TO
C 120 FOR SEAT IGNITION DETERMINATION IF NOT, P!CA NEXT DIRECTION
C AND RETURN TO TOP OF LOOP AT STMT 30.
100 IF(L.EQ.4) GO TO 110

109 L-L I
GO TO 30

C THE REMAINING PART OF THIS SUBROUTINE CALCULATES THE SPREAD TO CABIN
C SEATS THRU THEIR IGNITION BY BURNING SIDEWALL ELMNTS. THIS IS DONE
C ONLY IF THE CURRENT SURFACE I IS A SIDEWALL SURFACE.
110 LTEMP-KK

C IF THE INPUT RATE OF SIDEWALL-TO-SEAT SPREAD IS ZERO SKIP TO END
IF(RFWS. LE, O. GO TO 170

C TEST IF THE CURRENT SURFACE IS A SIDEWALL AND DETERMINE IF IT IS A
C RIGHT SIDEWALL ( GO TO 130) OR A LEFT SIDEWALL GO TO 120) IF NEITHER
C SKIP TO END.

IF(I.GT. 1 AND. I.LT ICLR)GO TO 130
IF(I.GT. ICLL AND. I LE.LSN)GO TO 120
GO TO 170

C LEFT SIDEWALL. USE ARRAY ISWSL TO FIND IF THE CURRENT SIDEWALL ELMNT
C II, JJ CAN IGNITE A NEARBY SEAT. A NON-ZERO VALUE OF ISWSL(,JJ.1) GIVES
C THE SEAT GROUP NUMBER AND THE SPECIFIC SEAT GROUP ELMNT THAT MAY BE
C IGNITED IS GIVEN BY ISWSL(JJoKK) WHERE KK IS FOUND FROM II.
120 KKsILSTL-1I+2

IF(KK. GT. 8 .OR. KK. LT. 1)GO TO 170
ITEMP-ISWSL(JJ°KK)
IF(ITEMP EQ.O)GO TO 170
IS-ISWSL(JJ, 1)
IP=1
GO TO 140

C RIGHT SIDEWALL. USE ARRAY ISWSR TO FIND IF THE CURRENT SIDEWALL ELMNT
C II, JJ CAN IGNITE A NEARBY SEAT. PROCEDURE IS SAME AS FOR RT SIDEWALL

130 KK=-.II-IFIRR
IF(KK.GT.8 OR. KK.LT 1)GO TO 170
ITEMP-ISWSR(JJ, KK)
IF(ITEMP. EQ.O)GO TO 170
ISmISWSR(JJ. 1)
IP-2.0*SGWD(IS)+TOL

C SEAT GROUP AND ELMNT TO BE IGNITED HAVE BEEN FOUND. PROCEED AS ABOVE
C TO COMPUTE TIME TO SPREAD AND COMPARE THAT VALUE TO THE TIME THAT
C ELMNT I. JJ HAS BEEN IN THE FLAMING STATE.
140 JP-ITEMP

ICRIT-LSN+IS
IF(RFWS.LE.O.O)GO TO 165
TIMWS-DWS/RFWS
IF(TXO. LT. TIMWS) GO TO 165

C IF CONTROL REACHES THIS POINT THE SEAT GROUP ELMNT WHICH IS A
C CANDIDATE FOR IGNITION WILL NOW HAVE ITS STATE DATA UNPACKED IF
C THIS SEAT ELMNT IS NOT ALREADY IN STATES 3, 4, OR 7 IT IS IGNITED
C AND ALL THE PROPER VARIABLES ARE UPDATED AS WAS DONE ABOVE.

CALL CWORD(IWORDS(IS, IPjP), ITX, ITY)
CALL CVOUT(IP, JP, ICRIT, IST, ISTP, ITFCP)
IF(IST EQ.3.OR IST.EG 4 OR. IST.EQ.7) GO TO 165
KJuIRAYS(JP)
IF(IST EQ.2) NPE(ICRIT)=NPE(ICRIT)-t
KTEMP-IMATS(KJ)
DQGKDQK.GTR*DGM(KTEMP)
TDQMTL(kTEMP) - TDGMTL(KTVMP) * QTR * DGM(KTQMP)

RSFK=RSFK+GTR*RSF(KTEMP)
VITNR-VITNR.GTR*DGM(KTEMP)/FOX(KTEMP)
DO 150 :G-1,NTXG

A- 123



150 RGA! RF(G-QRR- GKEP

XTFC-ITFCS(KJ)
IF(XTFC LE.O0 ) GO TO 1-.5
KTEtIP=(DELTSP/XTFC )*THOU
ITFCP- ITPCP.K TEMP

C REPACK IWOROS AND ISTATS WITH THE NEW CONDITION OF THIS SEAT ELMNT.

160 IST-3
ITx-0
NFE( ICRIT)-NFE( ICRIT)+l

1SG01

IFUITY LT 0) ISG--1
IWOROS( IS. IP. JP)-ITY*100O0+ISG*ITX

ISTATS( IS. IP, JP)oITFCP*1004dSTP*10+IS
T

165 CONTINUE
170 KK-LTEMP

C END OF THE LOOP OVER JJ

IF(JJ.LT JVMX) GO TO 20

JJ.JVMN-1
C END OF THE LOOP OVER 11

IF(II.LT. lYNX) GO TO 10

RETURN
END
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SUBRCUTINE FCC.N(I)
C --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C OB.JECTIVE
C (1) THIS SUBROUTINE COMPUTES THE ExPOSURE AND IGNITION OF ELMNTS
C THRU THE CONTACT BY FLAMES OF FIRES BURNING ON NON-ADJACENT
C SURFACES. SPEC IFICALLY1 THE FOLLOWING SITUATIONS ARE CONSIDERED-
C
C (A; FLAMES FROM A FIRE ON THE CABIN FLOOR TOUCH AND IGNITE A
C SEAT GROUP
C (B) FLAMES FROM A FIRE ON THE CABIN FLOOR TOUCH AND IGNITE ELMNTS
C ON THE CEILING.
C (C) FLAMES FROM A FIRE ON THE SIDEWALL TOUCH AND IGNITE OTHER
C WALL ELMNTS, HATRACK ELMNic, OR CEILING ELMNTS.
C .
C COMMENTS
C (1) STATEMENT NUMBERING IN THIS SUBROUTINE IS NOT SEQUENTIAL
C (2) TERMINOLOGY AN ELMNT OF A FIRE BASE WHOSE FLAMIES MAY CONTACT

c SOME OTHER ELMNT IS CALLED A "SHOOTING ELI'NT".
C THE ELMNT WHICH MAY BE IGNITED BY THE FLAME CONTACT
C IS CALLED THE "TARGET ELMNT.
C (3) FLAME CONTACT FROM FIRES ON THE SIDEWALLS IS LIMITED TO SHOOTING

C SURFACSWIHNTORW (IIDCSOFTECIIGSOBN/U
C ELRFNCSWIHNTORW IIDCS OFTEELNGTOBNPU
C - -------------------------------------------

COMMON/CNTRL/DELTAT. OELTSP, ECOFLG. IDELT, IDENT(20),IDTPRV. IPEMS,
I IPSPR. IPAUX. IRATIC. ISAVE, ISCALE. ITFIN. ITIME. ITIM2.'
2 ITSPRD, NPASS. TFINAL. IDBUGI. EPSLN. MAXITR. MAXCUT,
3 JCBSKP
COMMON/FIRES/AFM(7).ASM(7). ISTATE(120, 15). ISTATS(9. 16.22).
1 IWORD(120. 15), IWORDS(9. 16,22).NFLM(7).NPYR(7).
2 RGS(1O,7).RSS(7).TOTGAS(1O),TOTSEM.TRGF(10).
3 TRGS(IO),TRSF.TRSSNCE(30),VITNR,TOTVIT,RAFrR(30),
4 ACM(7),AF(30),AFIAEXP.COMB(30).DQK.FLML(30).FSNI,
5 FSN2, FSN3. GAlMA 30), IURN, ZF(600). IGNI IGINJ, IGMXI,
6 IGMXJIGNFIRIGNIJ(2. 100). IGSN. ISFIRE(30). IVMAX(30),
7 IVMIN(30). IVMN. IVMX. IXFIRE, IZONE(30)..JVMAX(30),
a JVMIN(30)*JVMN.JVMXK.NFE(30),NFIRESNIJC.NIJSG.
9 NPEC3O),NSFL(7),OMEGA(30),PDH.PIGN,RF(204).RFS(74),
1 RFWSRGF(1O.7),RQFK(10).RHOZ(30),RSF(7),RSFKTD.
2 TBURNIUZ(30).YZ(30). ZB(30).RHOEFGCHIEFG(11),
3 FLOWIN. FLWOUT. TEFG. IFRVNT. GENRAT(11). TDOMTL(7),
4 TP(7),TPC(7)

COMMON/GASES/CHIL( 11.5). CHIU( 11.5). CP. NGAS( 11).NSPCS. PAMB. PF( 5).

1 RHOAM,RHOL(5),RHOU(5),TAM,TL(5),TU(5),VOLL(5),
2 ,OLU(5)ZD(5),XTHEN(120),WMOLE-C(11),TWO(101),
3 JCOR(120)
COMMON/GMTRY/IMATL(20), IMATS(7),IMTLP(4). IMAX(30). IMrN(30).
1 IRAY(116).IRAYS(22).JMAX(30),~JMIN(3O).LSN.MAXELI.NS,
2 CH.CL(4).CW.OWS.HSTS. IARX(40, 15),IARY(40. 12). ICLL,
3 ICLR. lEND. IFIRL. IFIRR,1IkSTL. ILSTR. IONE(9),
4 ISSWLI(9. 10), ISSWL.J(9, 10?. ISSWRI(9. 10), ISSWR.J(9. 10),

5 ISWSL(15.8).ISWSR(15,9). ISTARTNPROJ. IPJUL. IP.JLL.
8 IP-JUR. IPJLR. JEND,JONE(9)JSTART,NJS,NSG,NVSGWD(9),
7 SL,SWD(20',VNC20,3),VENTH(24),VENTW(24),VENTT(24),
a XMN(30),XMX(3O),XCOR(9),YCOR(9),Z(30),SSGWD,TVSG.
9 HTI.HT2,HT3,HT4(1O),NSSTS,SLSW.SX(30),SZ(30).

1 CNCTNS(24).NCOIPS. IFRCMP.FLOW(24)h1NTO(24).VTOTAL(4),
2 FHMXN
COMMON/MATLS/TABX( 18. 7,6).TABY( 19.7. 6) .NTXG. FOXI. RADTAB (7), RADI,

I FOX(7),NMATLS.DQI,D0M(7).GAMIGTAB(7). ITF(20). IRAMPT,
2 ITFrC(20),ITFCS(7,ITFS(7),ITP(20),ITPC(20),ITPCS(7),
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3 TPE(ZO). ZTPES(7), ITPS,7),QCZQP(7),QTAB(7,',RHOI,
4 RHOM(7),PSI,RTAB(7),RTI(1O),JTABf7),CNDCTYV7),XMUI,
5 XMFI,TKNS,7),TSL(30,,4),TSP2,2,4),CPM7),WMMTL7),

6 WMIGFTKNS'N7)
COMMON/PARAMS/GRAVoPI. QTR, ROAS, SIGMA, SOD, THOU, TOL, EC, EP

COMMON/RADTN/ALPC,ABSCF(30),EB.oC(2)
C ICOUNT IS A FLAG TO CONTROL SELECTION OF SIDEWALL SHOOTING ELMNTS
C ICNTR IS A FLAG SIGNALING REGUIREMENT FOR ADDITIONAL SEARCHING
C IHRZ IS A FLAG INDICATING THE ORIENTATION OF SURF I,

C IHRZ a 0 -> VERTICAL, IHRZ I -> HORIZONTAL.
ICOUNT-1
ICNTRIO
IHRZ-0

C FHGT - DISPLACEMENT OF FIRE BASE FROM FLOOR + FLAME LENGTH
FHGT-ZB(K)+FLML(K)

C ICON IS THE CONVERSION FACTOR FOR USE WITH ARRAY IF
ICON-IEND-ISTART+1

C STMTS 10 AND 20 START A PAIR OF NESTED LOOPS OVER THE ELMNTS WrTHIN
C THE REGION DEFINED BY IVMN, JVMN. IVMXo AND JVMX. THIS IS THE REGION
C CONTAINING THE MOST RECENTLY ISOLATED FIRE BASE FROM SUOR FIRE ABOVE.
C THE LOOPS END JUST AFTER STMT 300,

II-IVMN-1
10 11-11+1

JJ-JVMN-1
20 JJJ+l

C COMPUTE THE SINGLE INDEX, IJ, OF ARRAY IF THAT CORRESPONDS TO THE
C ELMNT II, JJ. THE VALUE OF IF(IJ) WILL TELL IF THIS ELMNT IS FLAMING
C AND THUS IS A SHOOTING ELEMENT.

IJa(II-ISTART+I)+ICON*(JJ-JSTART)
C FIRST CONSIDER ONLY FIRES ORIGINATING ON THE CABIN FLOOR (SURF 1), IF
C THE SURFACE I (IN THE SUBR CALL) IS NOT THE FLOOR SKIP TO STMT 40 TO
C CONSIDER CASE C OF OBJECTIVE (1),

IF(I.GT.1)GO TO 40
C FLAMES FROM THE FLOOR MAY CONTACT SEATS, HATRACK. OR CEILING/PSU/STOW
C BINS.
C FIRST TEST TO FIND IF FLAME LENGTH IS ENOUGH TO CONTACT SEATS.

IF(FHGT LT.Z(LSN+I))GO TO 500
C IF ELMNT II, JJ IS NOT FLAMING SKIP TO THE END OF THE LOOP TO GO ON TO
C ANOTHER ELMNT.

IF(IF(IJ).LT. 1)GO TO 300
C TEST TO FIND IF A SEAT GROUP IS ABOVE THIS ELMNT.

IS-IARX(II, JJ)
C IF THERE IS NOT A SEAT GROUP ABOVE, SKIP TO STMT 25 TO CHECK CEILING.

IF(IS.EO.0)GO TO 25
C WHEN CONTROL REACHES THE NEXT STMT A SEAT IS ABOVE AND WILL BE IN
C CONTACT WITH THE FLAMES. SELECT THE INDICES OF THE SEAT SURFACE
C (CUSHION BOTTOM) ELMNT USING ARRAYS ZONE AND JONE.

ICRIT-LSN IS
IP.IZ-IONE(IS)
JP-JJ-JONE(IS)

C USE CVOUT TO DETERMINE THE STATE OF ELMNT IP, JP.
CALL CVOUT(IPJP, ICRIT, IST, ISTP, ITFCP)

C IF THIS ELMNT HAS JUST BEEN SET TO A NEW STATE, SKIP ANY OTHER STATE
C CHANGES.

IF(IST NE. ISTP)GO TO 300

C USE CWORD TO UNPACK THE CLOCKS AND FLAGS FOR THE TARGET ELMNT IP, JP.

C SELECT THE CURRENTLY APPLICABLE TIME-TO-IGNITE, ITFCS.
CALL CWORD(IWORDS(IS,!PJP),ITX,ITY)
KTEMP-IMATS(1)
XTFC-ITFCS( 1)
IF(XTFC.LE.0. ) GO TO 300

A -1 26



ITXX-ITFS(1)
C SKIP ANY CHANGES TO THE TARGET ELMNT'S STATE IF IT IS FLAMING. CHARRED
C OR COOLING.
200 GO TO(258,265.300.300.260.265,300), IST

C IF THE TARGET ELMNT IS IN STATE I OR STATE 5 SET IT TO STATE 6 -
C HEATING IN CONTACT WITH FLAMES.
258 ITXm0

260 IST-6
GO TO 290

265 IF(IST.EQ.2)GO TO 270
C FOR TARGET ELMNTS IN STATE 6, TEST THEIR TIME-IN-STATE, ITX VS. THE
C CURRENT TIME-TO-IGNITE. IF IGNITION OCCURS RESET ITX AND SKIP TO 280
C TO COMPLETE THE STATE CHANGE.

IF(ITX. LT. ITXX)GO TO 300
ITX-ITX-ITXX
GO TO 280

270 CONTINUE
C FOR TARGET ELMNTS IN STATE 2, IGNITE THEM IN ALL CASES.

ITX-O
NPE(ICRIT)-NPE(ICRIT)-1

C IGNITION. COMPUTE ADDITIONS TO SMOKE, HEAT, AND GAS GENERATION AND
C OXYGEN CONSUMPTION RATES.
280 IST-3

DOK-DQK+GTR*DQM(KTEMP)
RSFK-RSFKGTR*RSF(KTEMP)
TDGMTL(KTEMP) = TDQMTL(KTEMP) + GTR * DGM(KTEMP)
VITNR-VITNR QTR*DGM(KTEMP)/FOX(KTEMP)
DO 282 IG1,NTXG

282 RGFK(IG)-RGFK(IG)QTR*RGF(IG. KTEMP)
C COMPUTE THE NEW VALUE FOR THE FRACTION CONSUMED, ITFCP, AND REPACK
C THE STATE DATA IN THE APPROPRIATE ARRAYS.

ITEMP-(DELTSP/XTFC)*THOU
ITFCP-ITFCP+ITEMP
NFE(ICRIT)-NFE(ICRIT)+L

290 ISO=l
IF(ITY. LT.0) ISO--I
ITI-ITY*10000+ISG*ITX
IT2-ITFCP*I00+ISTP*1O+IST

IF(ICR.T.GT.LSN)GO TO 295
IWORD(IP, JP).ITI
ISTATE(IP, JP)IT2
GO TO 300

295 IWORDS(IS, IP, JP)-ITI
ISTATS(IS. IPJP)-IT2

C CHECK THE FLAG ICNTR TO FIND IF MORE SIDEWALL-TO-CEILING CHECKING IS
C TO BE DONE.
300 IF(ICNTR.NE.O)GO TO 310
C CLOSE OF THE LOOPS OVER II AND JJ,

IF(J.J.LT.,VMX)GO TO 20
IF(II.LT. IVMX)GO TO 10
GO TO 500

C THE REMAINING PART OF THIS SUER CONSIDERS FLAMES FROM UPPER SIDEWALLS
C AND HATRACK REACHING THE CEILING AND FLAMES FROM THE FLOOR REACHING
C THE HATRACK OR CEILING.
C THE NEXT 4 STMTS INCREMENT THE J INDICES OF THE SHOOTING AND TARGET
C ELMNTS WHEN THE SURFACE OF ORIGIN IS NOT THE FLOOR.
310 IF(IHRZ.EQ. 1)GO TO 340

IF(JJ. GR. JUMX)GO TO 320
,J j+ l

jP-jj
GO TO 30
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C THE NEXT 6 STMTS INCREMENT THE I INDICES OF THE SHOOTING AND TARGET
C ELMNTS WHEN THE SURFACE OF ORIGIN IS NOT THE FLOOR
C ICOUNT ALLOWS ONLY NEAR-CEILING SHOOTING ELMNTS TO BE USED

320 IF(ICOUNT.EG.Z)GO TO 500
ICOUNT=2
JJJ=VMN
IT=L+INCR
IP.IARY(IT, NN)
GO TO 30

C CONTROL REACHES 340 IF THE SURF OF ORIGIN IS HORIZONTAL, SO A LARGER
C RANGE OF II VALUES CAN BE CONSIDERED AS SHOOTING ELMNTS.
340 IF(JJ.LT JVMX)GO TO 350

JJ=JVMN-I

IF(II. GE. IVMX)GO TO 500
II=IIl
IT=L.INCR
IP=IARY(IT.NN)

C SELECT THE SHOOTING ELMNT J INDEX AND TEST FOR THE SHOOTING ELMNT
C BEING IN STATE 3.
350 dJJJ+l

IJ=(II-ISTART+I) ICON*(JJ-JSTART)
IF(IF(IJ).EQ.O)GO TO 300
GO TO 30

C CHECK FOR TARGET ELMNT BEING ON UNDERSIDE OF HATRACK
25 IF(IARY(II,1O).EG.O)GO TO 35

IP-IARY(II. 10)
C SELECT TARGET ELMNT J INDEX AND SURFACE NUMBER, ICRIT. TEST TO SEE
C IF FLAMES CAN REACH SURFACE ICRIT.
30 jPj.j

ICRIT-IRAY(IP)
IF(FHGT.LT.Z(ICRIT))GO TO 300

C UNPACK TARGET ELMNT STATE, PREVIOUS STATE, FRACTION CONSUMED, AND
C TIME-IN-STATE CLOCK.

CALL CVOUT(IPJP, ICRIT, IST, ISTP, ITFCP)
IF(IST. NE. ISTP)GO TO 300
CALL CWORD(IWORD(IPJP), ITX.ITY)
KTEMP-IMATL(ICRIT)
XTFC-ITFC(ICRIT)
IF(XTFC.LE.O. ) GO TO 300

C ITXX IS THE CURRENT TIME-TO-IGNITE FOR THE TARGET ELMNT MATERIAL.
ITXX-ITF(ICRIT)
GO TO 200

C TARGET ELMNT IS A CEILING OR OTHER OVERHEAD SURFACE ELMNT.

35 IP-IARY(II,12)
GO TO 30

C STMT 40 AND STMT 80 FORCE SELECTION OF ONLY SHOOTING ELMNTS ON THE
C UPPER SIDEWALLS OR HATRACKS.

40 IF(I.LE. ICLL)GO TO 80
C SHOOTING ELMNT IS ON THE LEFT SIDE OF THE CABIN

ICNTR-I
IF(VN(I,3).NE.1.0YGO TO 45
IHRZ-1
IX-IMAX(1)

C THE LOOP THRU 42 SELECTS THE TARGET ELMNT I INDEX, IP, AND CHECKS TO

C SEE THAT THE SHOOTING ELMNT IS FLAMING. ORIGIN SURFACE IS A HATRACK
C UPPER SURFACE.

DO 42 LLI, IX
IF(IARY(LL,11).NE.II)GO TO 42
L-LL
INCR-I
NN-12

A- 128



IP-IARY(L, NN)
IF(ZF(1I.LT 1)00 TO 300
GO TO 30

42 CONTINUE
C CONTROL REACHES THIS ERROR MESSAGE ONLY IF NO PROPER TARGET ELMNT CAN
C BE FOUND ON THE CEILING.

WR ITE(b, 43)
43 FORMAT(/IOX,20HNO CORRESP S4iRF, LEFT)
9" STOP
45 IF(VN(I,3).NE.O. )GO TO 500

C ORIGIN SURFACE IS VERTICAL, TEST FOR PRESENCE OF A HATRACK.
IF(NPRO). EQ. 1)GO TO 65

C NO HATRACK. TARGET ELMNT IS ON CEILING
50 Li
bO INCR-t

NN,12
IP-NIARY(L, NN)
0o TO 30

C TEST FOR ORIGIN SURFACE BEING ABOVE HATRACK (I LESS THAN IPJUL) OR
C BELOW HATRACK ( I GREATER THAN IPJLL).
65 IF(I.LT, IPJUL)GO TO 30
70 IF(I.GT.IPJLL)GO TO 75

C SET UP SEARCH LIMITS FOR SHOOTING ELMNT ON UPPER HATRACK SURFACE.
IXIMAX(1)
DO 72 LLI, IX
IF(IARY(LL,11).NE.O)GO TO 72
L-LL
GO TO 60

72 CONTINUE
C CONTROL REACHES THIS ERROR MESSAGE ONLY IF NO PROPER TARGET ELMNT CAN
C 0E FOUND ON THE CEILING.

WRITE( 6, 73)
73 FORMAT(/1OX, 16HNO LEFT VERTICAL)

GO TO 999
C SURFACE OF ORIGIN IS BELOW HATRACX, TARGET ELMNTS ON LWR HATRACK SURF.
75 L-I

INCR-t
NNw 0

IPuIARY(L, NN)
GO TO 30

C TEST FOR SURFACE OF ORIGIN BEING ON RIGHT SIDE OF CABIN.
so IF(I.GE.ICLR)GO TO 500

C SHOOTING ELMNT IS ON THE RIGHT SIDE OF THE CABIN.
ICNTR-1
IF(VN(I,3). NE. 1. 0)GO TO S

C SURFACE OF ORIGIN IS HORIZONTAL
IHRZ-1
IX-IMAX(1)

KJ-IX.1
C THE LOOP THRU STMT 82 SELECTS THE TARGET ELMNT I INDEX ON THE CEILING

DO 32 LLI, IX
KJ-KJ- .
IF(IARY(K.J,11).NE.II)GO TO 82
L-K,J

INCR-1
NN,,12
IP-IARY(L, NN)
ZF(ZF(J). 90. 0)G0 TO 300
GO TO 30

82 C ONT INUE

C CONTROL REACHES THIS ERROR MESSAGE IF NO CEILING TARGET ELMNT CAN
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C BE FOUND
WRITE(6o83)

83 FORMAT(/IOX. 19HNO CORRESP SURF,RT)
GO TO 999

C FOR VERTICAL SURFACES OF ORIGIN TEST FOR PRESENCE OF A HATRACK
85 IF(VN(I,3).NE.O. )GO TO 500

IF(NPRO..EQ. 1)QO TO 95
C NO HATRACK - SELECT TARGET ELMNT ON CEILING.

IXmIMAXC1)
89 La-X
90 INCR--1

NNO12
IPUIARY(L, NN)
GO TO 30

C DETERMINE IF SURFACE OF ORIGIN IS ABOVE OR BELOW THE HATRACK
95 IF(I. GT. IPUR)GO TO 98
97 IF(I.LT. IPLR)GO TO 99

C SET UP SEARCH LIMITS FOR SHOOTING ELMNTS ON UPPER HATRACK SURFACE.
IX-IMAX(t)
KJ-IX4I
DO 98 LLI. IX
KJKJ- I
IF(IARY(KJ,I1).NE.O)GO TO 99
LAKJ

GO TO 90
98 CONTINUE

C CONTROL REACHES THIS ERROR MESSAGE ONLY IF NO PROPER TARGET ELMNT CAN
C SE FOUND ON THE CEILING.

WRITE(b 981)
981 FORMAT(/IOX,24HNO CORRESP VERT SURF, ROT)

GO TO 999
C SURFACE OF ORIGIN IS BELOW HATRACK. TARGET EL&4NTS ON LWR HATRACA SURF.
99 LUIMAX(l)

INCRm-I
NN-I0

IP-IARY(L, NN)
00 TO 30

500 RETURN
END
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SUBROUTINE PVOL( I)
C------------------------------------
C OBJECTIVE
C (1) THIS SUBROUTINE COMPUTES THE INITIATION OF NEW SMOLDERING
C REGIONS BY EXPOSURE OF ELMNTS TO THE RADIATION FROM THE FLAMES OF
C A FIRE. THIS PROCESS IS MODELED BY (A) COMPUTING A "SMOLDERING
C RANGE," POH. WHICH IS THE DISTANCE AWAY FROM THE CYLINDRICAL
C FLAME VOLUME AT WHICH THE RADIATION HAS FALLEN TO A VALUE OF OP;
C (B) TESTING TO SEE IF ELMNTS WITHIN THE DISTANCE PDH FROM THE
C FLAMES HAVE HAD A SUFFICIENTLY LONG EXPOSURE TO BEGIN SMOLDERING,
C THE "SMOLDERING THRESHOLD"-LEVEL OP AND RANGE PDH ARE COMPUTED IN
C SUBR FIRE FROM DATA SUPPLIED FOR EACH MATERIAL TYPE AND THE
C CURRENT LEVELS OF RADIATION FROM THE UPPER GAS ZONE.

C ONLY FIRES ORIGINATING ON THE CABIN FLOOR OR ON THE UPPER HAT-
C RACK SURFACES ARE CONSIDERED BY THIS SUBROUTINE. SUBROUTINE PYOLS
C WORKS WITH FIRES ORIGINATING ON ANY SEAT GROUP.
C COMMENTS
C (1) TERMINOLOGY: ELMNTS ON THE FIRE BASE WHICH SERVE TO LOCATE THE
C RADIATING FLAME VOLUME ARE CALLED "SHOOTING ELI'NTS. ' ELMNTS
C BEING EXAMINED BY THIS SUBR AS CANDIDATES FOR THE TRANSITION TO
C SMOLDERING ARE CALLED "TARGET ELMNTS."
C------------------------------------------------------------

COMMON/CNTRL/DELTAT. DELTSP. ECDFLG. IDELT. IDENT(20). IDTPRV. IPEMSI

I IPSPR, IPAUX, IRATID. ISAVE, ISCALE. ITFI.N.ITIME. ITIM2,
2 ITSPRD. NPASS. TFINAL. IDBUG1. EPSLN. MAX ITR. MAXCUT,
3 JCBSKP
COMMON/FIRES/'AFM(7), ASM(7). ISTATEC 120. 15). ISTATS(9. 16. 22),
1 IWORD(120.15).IWORDS(9,16.22),NFLM(7).NPYR(7),
2 RGS(1O.7),RSS(7),TOTGAS(IO),TOTSEMTRGF(10).
3 TRGS(1Q). TRSF. TRSS.NCE(30).VITNR.TOTVIT.RADFIR(30),

4ACM(7),AF(30),AFI,AEXPCOMB(30).DIK,FLML(30),FSN1, #
5 FSN2,FSN3,GAMMA(30). IBURN. IF(600). IGMNI. IGMNU. IGMXI,

6 IGMXJ.IGNFIR. IGNIJ(2. 100). IGSN. ISFIRE(30). IVMAX(30),
7 IVMIN(30). IVMN. IVMX. IXFIRE. IZONE(30),JVMAX(30),
8 JVMIN(30),JVMN,JVMX,K,NFE(30),NFIRES,NIJC.NIJSQ-
9 NPE(30),NSFL(7),OMEGA(30),PDH.PrGN,RF(20,4),RFS(7,4).
1 RFWS,RGF(1Q,7).RGFK(10),RHOZ(30),RSF(7)RSF&.TDG,
2 TBURNIUZ(30),YZ(30).ZB(30),RHOEFG.CHIEFG(11).
3 FLOWIN. FLWOUT. TEFG. IFRVNT, GENRAT( Ii).TDOMTL(7),
4 TP(7),TPC(7)
COMMON/GASES/CHILC 11.5). CHIU( 11.5). CP.NGAS( 11).NSPCS. PAMB, PF(5).

1 RHOAM,RHOL(5),RHOU(5),TAM.TL(5),TU(5),VLL(5),
2 VOLU(5),ZD(5).XTHEN(120),WMOLEC(Il),TWO(101),
3 JCOR(120)
COMMON/GMTRY/IMATL(20). IMATS(7). IMTLP(4). IMAX(30). IMINC30),

1 IRAY(116),IRAYS(22).JMAX(30),JMIN(30).LSN,MAXELI,NS,
2 CH,CL(4),CW,DWS,HSTSIARX(40,15),IARY(40,12),ICLL,
3 ICLR. lEND. IFIRL. IFIRR. ILSTL. ILSTR. IONE(9),
4 ISSWLIC9.10),ISSWLJ(9,10),ISSWRI(9.1O).ISSWRJ(9,1O),
5 ISWSL(15. 8).ISWSR(15. 8),ISTARTNPRO, IPJUL. IPJLL.
6 IPJUR. IPJLR,JEND. JONE(9),JSTART.NJS,NSG.NV.SGWD(9),
7 SL.SWD(20),VN(20,3),VENTH(24),VENTW(24),VENTT(24),
a XMN(30),XMX(30),XCDR(9),YCOR(9),Z(30),SSGWD.TVSG,
9 HTI,HT2,HT3,HT4(10),NSSTS,SLSW,SX(30),SZ(30),
1 CNCTNSC24),NCOMPS,IFRCMPFLOW(24). INTO(24),VTOTAL(4),
2 FHMIN
COMMON/MATLS/TABX( 19.7.6),TABY( 18.7.6). NTXG, FOXI. RADTAB(7). RADI.

I F0X(7).NMATLS.DOI.OGM(7).GAMI.OTADC7). ITFC20). INAMPT.

2 ITFC(20?,ITFCS(7),ITFS(7),ITP(20),ZTPC(20),ITPCS(7).
3 ITPE(20),ITPES(7),ITPS(7).OCIOP(7),OTAB(7),RHOI,
4 RHOM(7),RSI. RTAB(7). RTGI (10), UTAB(7). CNDCTY(7), XMUI,



XMFI. TKNS(7),TSL(30, 2,4),TSP(2,2,4),CPM(7),WMMTL(7).
6 WMIGFTKNSIN(7)
COMMON/PARAMS/GRAV, PI, GTR.RGAS, SIGMA, SGD, THOU, TOL, EC, EP
COMMON/RADTN/ALPC, ABSCF(30),ED. GC(2)
DIMENSION ISD(4)

C SKIP ALL SURFACES OF ORIGIN EXCEPT THE FLOOR AND THE UPPER HATRACK.
IF(I.EG.I)GO TO 2
IF(I.EO.IPJUL OR. I.EQ. IPJUR)GO TO 2
GO TO 500

C FHGT = FIRE BASE DISPLACEMENT + FLAME LENGTH FOR THE CURRENT FIRE.
C ICON IS A CONVERSION FACTOR USED WITH THE ARRAY IF.
2 FHGT-ZB(K)+FLML(K)

ICON-IEND-ISTART.1
C STMTS 10 AND 20 ARe THE BEGINNING OF LOOPS OVER THE I AND J INDICES OF
C THE SHOOTING ELMNTS ON THE BASE OF THE CURRENT FIRE.

I IIVM'N-1
10 11=11+1

4J-4VMN-1
KK-IRAY(II)

20 JJ-JJ+1
C USE THE ARRAY IF TO DETERMINE WHETHER ELMNT II, JJ IS FLAMING AND, IF
C SO, IF IT IS ON THE PERIMETER OF A FIRE BASE. SET THE FLAG IRET
C ACCORDINGLY.

IJ-(II-ISTART.1)+ICON*(JJ-JSTART)
IF(IF(IJ)-I) 300.26.27

C SHOOTING ELMNT AFLAME, NOT ON PERIMETER => IRET - 2.
26 IRET-2

GO TO 28
C SHOOTING ELMNT AFLAME, ON PERIMETER -> IRET - 1.
27 IRET-1

C SELECT CANDIDATE TARGET ELMNT INDICES IP AND JP.
28 IPulI

'JP='JJ

GO TO 190
C USE SUBR ISIDE TO DETERMINE WHICH SIDE(S) OF THE SHOOTING ELMNT IZ, .J
C HAS A NON-FLAMING NEIGHBOR.
30 CALL ISIDE(IF(IJ).ISD)

C CHECK TO SEE WHETHER THE SMOLDERING RANGE COVERS A LEAST ONE ELMNT
C DIMENSION. IF NOT SKIP TO 300 TO CONSIDER OTHER SHOOTING ELMNTS.

NSOH-PDH/SGD
IF(NSGH. LT. 1) GO TO 300

C SET UP A LOOP ON L TO CONSIDER THE FOUR POSSIBLE DIRECTIONS AWAY FROM
C THE SHOOTING ELMNT.

NSQ.O
40 L0O
50 L=L+I

IF(ISD(L) E. 1) GO TO 70
60 IF(L.EQ.4) GO TO 300

NSG-O
GO TO 50

C NSG COUNTS THE NUMBER OF ELMNTS TO STEP OUT FROM THE EDGE OF THE BASE
70 NSQmNSG.I

C BASED ON THE DIRECTION INDICATED BY L SELECT TARGET ELMNT'S I AND J
C INDICES. CHECK IN EACH CASE AGAINST JUMPING OFF A SURFACE EDGE.
C IRET - 3 INDICATES A NEED TO CONTINUE STEPPING OUT FROM THE FIRE
C PERIMETER TO CHECK ADDITIONAL TARGET ELMNTS.

GO TO(BO. 90, 100, 110),L
C
s3 IPnlI

JPm .J-NSG

IF(JP LT 1) GO TO 60
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85 IRET-3
GO TO 122

90 IP-I1
JP-JJ+NSG
IF(JP. GT. JEND) GO TO 60
GO TO 85

100 IP-II-NSG

IF(IP.LT.IMIN(KK)) GO TO 60
GO TO 85

110 IP-II+NSG
JP-JJ
IF(IP.GT.IMAX(KK))GO TO 60
GO TO 85

C UNPACK THE DATA ON THE TARGET ELMNT AND TEST FOR EQUALITY OF THE

C PRESENT STATE AND THE PREVIOUS STATE. THEY MUST BE EQUAL FOR A
C CHANGE OF STATE TO BE ALLOWED.
122 CALL CVOUT(IPJPoKK, IST, ISTPoITFCP)

IF(rST. NE. ISTP) GO TO 160
123 CALL CWORD(IWORD(IPJP),ITX, ITY)

C SELECT THE STATE TRANSITION: TARGET ELMNTS IN STATES 3. 4 OR 7 ARE
C IGNORED; STATE 1 -> STATE 5; STATE 5 -> STATE 2 IF THEIR TIME IN STATE
C 5 HAS EXCEEDED THE CURRENTLY APPLICABLE TIME-TO-START-SMOLDERING.
C ELMNTS ALREADY IN STATE 2 REMAIN THERE.

GO TO(124, 130,160,160,130,125, 160).IST
124 ITX-O
125 IST-5

GO TO 140
130 IF(IST.EG.2) GOTO 135

IF(ITX.LT. ITP(KK)) GO TO 135
IST-2
XTPC-ITPC(KK)
IF(XTPC. LE.O.) GO TO 160
ITEMP-(DELTSP/XTPC)*THOU
ITFCP-ITFCP+ITEMP
ITXmITX-ITP(KK)
NPE(KK)inNPE(KK)+.

135 ITY-1
140 ISOU1

C REPACK STATE DATA FOR THIS TARGET ELMNT.
IF(ITY. LT.0) ISGl-I
IWORD(IP, ,JP)-ITY*10000ISG*ITX
ISTATE(IP, JP)-ITFCP*100ISTP*10+IST

160 CONTINUE
C THE REMAINING PART OF THIS SUBROUTINE CONSIDERS SMOLDERING INDUCED ON

C SURFACES ABOVE THE FLAME VOLUME. SEE SECTION 4 2.3 OF C13.
C SKIP TO 199 IF THE FIRE IS ON THE FLOOR.
180 IF(I.E. 1)GO TO 189

C THE LOUP THRU IOU SEARCHES FUR*TARGET ELMNTS ON THE CEILING FOR FIRES
C ORIGINATING ON THE UPPER HATRACK SURFACES (IF APPLICABLE).

IX-IMAX(1)
DO 182 LL-I, IX
IF(IP. NE. IARY(LL.11))GO TO 192
MLL
IPP-IARY(M 12)
GO TO 192

182 CONTINUE
C CONTROL REACHES THIS ERROR MESSACE ONLY IF NO TARGET ELMNTS ARE FOUND
C ON THE CEILING.

WRITE(6, 193)
193 FORMAT(/5X,&6HPVOL--HR SURFACE NOT FOUND)
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STOP
C FIRE IS ON THE CABIN FLOOR - TEST FOR SEATS ABOVE THE SHOOTING ELMNT.
189 IS-IARX(IPjP)

IF(IS. EQ. 0)GO TO 190
C A SEAT IS ABOVE THE SHOOTING ELMNT, COMPUTE THE RADIATION LEVEL TO
C WHICH THE TARGET ELMNT IS EXPOSED.

ICRITOLSN*IS
ZZ-Z(ICRIT)-FHGT
XTEMm(ZZ*ZZ/(YZ(K)*YZ(K)))*4. 0
GCS-6.52*(1.-((XTEM-3. )/SGRT((9.+XTEM)*(1. XTEM))))
IMT-ZMATS(1)

C IF THE EXPOSURE LEVEL IS LESS THAN THE THRESHOLD LEVEL, QP, END
C CONSIDERATION OF THIS ELMNT,

IF(QCS.LE.P(IMT))GO TO 250
C SELECT THE INDICES OF THE .TARGET SEAT ELMNT, UNPACK ITS STATE DATA,
C CHECK FOR EQUALITY OF PAST AND PRESENT STATE.

IPP-IP-IONE(IS)
JPP-JP-JONE(IS)
CALL CVOUT(IPP.JPP. ICRITo IST, ISTP, ITFCP)
IF(IST.NE.ISTP)GO TO 250
CALL CWORD(IWORDS(IS, IPPJPP).ITX, ITY)

C CHECK THE FRACTION CONSUMED FOR THE TARGET ELMNT, AND SKIP TO 210 FOR
C APPROPRIATE STATE TRANSITION.

KTEMP-IMATS(1)
XTPC-ITPCS(1)
IF(XTPC.LE. 0. GO TO 250
ITXXUITPS(1)
GO TO 210

C FIRE IS ON THE FLOOR BUT NO SEATS ARE ABOVE THE SHOOTING ELMNT
C DETERMINE IF THE TARGET ELMNT IS ON A HATRACK LOWER SURFACE OR ON THE
C CEILING
190 IPP-IARY(II, 10)

IF(IPP EQ.O)IPPmIARY(IP, 12)
192 JPP-..P

ICRIT-IRAY(IPP)
ZZ-Z(ICRIT)-FHGT
XTEM-(ZZZZ/(YZCK)*YZ(K)))*4.0

C USE EQ 4-6 OF CI TO COMPUTE THE RADIATION FLUX AT THE TARGET.
QCS-6.52*(1.-((XTEM-3. )/SRT((9.-XTEM)*(1..XTEM))))*
I .00138*(2. 25*TL(IFRCMP)-TAM)
KTEMP-IMATL(ICRIT)

C IF THE EXPOSURE LEVEL IS LESS THAN THE THRESHOLD LEVEL END
C CONSIDERATION OF THIS ELMNT,

IF(QCS. LE. OP(KTEMP))GO TO 250
C UNPACK THE TARGET ELMNT STATE DATA. CHECK THE PRESENT AND PAST STATES.
C AND THE FRACTION CONSUMED.

CALL CVOUT(XPPJPP, ICRIT, IST, ISTP, ITFCP)
IF(IST. NE. ISTP)GO TO 250
CALL CWORD(IWORD(IPP,JPP),ITX, ITY)
XTPCmITPC(ICRIT)
IF(XTPC. LE.O. ) GO TO 250
ITXX-ITP(ICRIT)

C SELECT STATE TRANSITION: ELMNTS IN STATES 3, 4 AND 7 ARE IGNORED
C STATE I -> STATE 5; STATE 5 -> STATE 2 IF THEIR TIME IN STATE 5 HAS
C EXCEEDED THE CURRENTLY APPLICABLE TIME-TO-START-SMOLDERING. ELMNTS
C CURRENTLY IN STATE 2 REMAIN THERE.
210 GO TO(211,215,250,250,215,212250), IST
211 ITX-O
212 IST-5

GO TO 230
215 IF(IST EQ.2) GO TO 220
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IF(ITX LT ITXX)G0 TO 20
IST-2
JTEMPs(DELTSP/XTPC )*THOL)
I TFCP I TFCP+,JTEMP
ITX-ITX-ITXX
NP-( ICRIT)-NPE( ICRIT)+1

C REPACK THE NEW STATE DATA FOR THE TARGET ELMNT IN THE. LINING SURFACES
C OR SEAT SURFACES ARRAYS AS APPROPRIATE.
220 ITY-ST
230 ISQ-i

IST( IP..P )-1T2l

GO TO 250
235 IWQRDS(IS. IPPJPP).IT1

ISTATS( IS. IPP.,JPP)=IT2
250 IF( IRET-2)30. 300. 260

C THIS TEST CHECKS TO FIND IF ALL ELNNTS WITHIN THE SM~OLDERING RANGE
C HAVE BEEN EXAMIINED.
260 IF(NSG.LT.NSOH)GO TO 70

GO TO 60
C END OF THE LOOPS OVER THE SHOOTING ELMNTS.
300 XF(JJ. LT. JVMX)GO TO 20

IF(II. LT. IVMX)GO TO 10
500 RETURN

END
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SUBROUTINE CONDS( I)

C O3~jECTIVE
C (1) SUBROUTINE CONDS COMPUTES THE SPREAD OF FIRE OVER THE SURFACES OF
C TIE SEAT GROUP SPECIFIED BY THE VALUE OF I IN THE SUBROUTINE CALL.

C THE SUBROUTINE ALSO COMPUTES THE SPREAD OF FIRE TO SIDEWALLS NEAR
C THE EDGE OF A SEAT GROUP AND TO SEAT GROUPS FORWARD AND AFT OF
C THE SPECIFIED SEAT GROUP.
C------------------------------------------------------------------------------

COMMON/CNTRL/DELTAT. DELTSP. ECOFLG. bELT. IDENT(20),*IDTPRV. IPEMS.
1 IPSPR.IPAUX. IRATIO. ISAVE. ISCALE. ITFIN. ITIME. ITIM2,
2 ITSPRD.NPASS.TFINAL. IDBUG1.EPSLNMAXITR.MAXCUT,
3 JCBSK(P
COMMON/FIRES/AFM(7),ASM(7),ISTATE.120 15),ISTATS(9. 16,22),

I IWORD(120-.l5),IWORDS(9.16.22).NFLM(7).NPYR(7),
2 RGS(1O.7),RSSt7),TOTGAS(IO),TTSE',~TROF(I0L
3 TRGS(IO).TRSFTRSS,NCE(30).VITNR,TOTVIT.RADFIR(3)
4 ACM(7). AF(30). AFI. AEXP CC19(OO), 0K.FLI'L(30). FSNI,

5 FSN2,FSN3,GAMMA(30).IBURN. IF(600).IGMNI, IGMNJ. IGMXI.
6 IGMXJ.IGNFIR.IGNIJ(2. 100) IGSN. ISFIRE(30) IVMAX(30),
7 IVMIN(30).IVMN. IVMX. IXFIRE. IZONE(30)..JVMAX(30.,
8 JVMIN(30).J)VMN.,JVMX,KNFE(30),NFIRES.NIJCNLJS,
9 NPE(30),NSFL(7),OMEGA(30).PDH.PIGN,RF(20,4).RFS(7.4).
1 RFWS.RGF(1O,7),RGFK(1O).RHOZ(30),RSF(7).RSFK.TDQ,
2 TBURNI.UZ(30).YZ(30). ZB(30),RHOEFG.CHIEFG(11),
3 FLOWIN, FLWOUT. TEFG. IFRVNT. QENRAT(I1). TDOMTL(7).
4 TP(7),TPC(7)
COMMON/GASES/CHIL( 11. 5).CHIU( 11..5).CP. NGAS ( 11) NSPCS. PAMB, PF (5).

1 RHOAM,RHOL(5).RHOU(5).TAM. TL(5),TU(5),VOLLrS),
2 VOLU(5),ZD(5),XTHEN(120),WMOLEC(11),TWO(101).
3 .JCOR(120)
COMMON/SMTRY/IMATL(20). IMATS(7). IMTLP(4). 1MAX(30. IrIN3O,

IIRAY(116 * IRAYS( 22). .JMAX (30). JMIN( 30). LSN. MAXELl. NS.
2 CH,CL(4).CWDWS.HSTSIARX(40,15),IARY(40,12).ICLL,
3 ICLR. LEND. ZFIRL. IFrRR. LLSTL. ZLSTR. ZONE(9).
4 ISSWLI(9. 10). ISSWLJ(9. 10). ISSWRI(9. 10). ISSWR..u9.10).

5 ISWSL(15.I), ISW.SRUS ,B).IS
T
ARTNPROJ. IPJUL, IPJLL.

6 ZP.JUR. IPJLR, JEND, .CNL. Q), JSTART N.JS. NSG. NV, SGWD(9)
7 SL. SWD(20).VN(20. 3). vEN-Tr(2'i,VENT1J(24),VENTT(24),
8 XMN(30),XMX(30),XCOR(9'-',C' !(9),Z(30),SSGW,TVSG,
9 HT1,HT2,HT3,HT4(1O),NSSTS.-...SW.SX(30),SZ(30),

I CNCTNSC24).NCOMPS. IFRCMP,FLZM(24), INTO(24).VTOTAL(4:

2 FHMIN
COWION/MATLSJTABX( 18, 7,6) TABY( 19.7. 6). NTXG. rG: ,,.TAB (7), RADI,

1 FOX(7),NMATLS.D0I,DGM(7),GAMI,GTAB(7).iF 0)IRA PT,
2 rTFC(20),ITFCS(7),ZTFS(7),ITP(2)YTPCZ!C).ITPCS(7),
3 ITPE(20), ITPSS(7). ITPS(7),0CI,GP(7)GAZ';).RHOI,
4 RHOM(7),RSI,RTAB(7),RTGI(10),UTAB(7),NZr'7), XMUI,

5 XMFI,TKNS(7),TSL(30,2,4).TSP(2,2,4),CPM(7)LWMMTL(7),
6 WMIGF.TKNSIN(7)
COMMON/PARAMS'GRAV. P1. GTR. RGAS. SIGMA. SaD.THO)U,TOL. E-. EP
COMMON/RADTN/ALPC. ABSCF(30). ED.OC(2)
DIMENSION ISD(4)

C COMPUTE THE SEAT GROUP NUMBER FROM THE VALUE OF 1. COMPUTE ~*-E
C CONSTANT ICON USED WITH THE ARRAY IF

IS5I-LSN
ICONm bEND- ISTART.1

C STMTS 10 AND 20 START LOOPS OVER SEAT G40UP ELMNTS II, JJ WHICH ARE
C THE ORIGIN ELEMENTS FOR THE FLAME SPREAD.

I ImIVMN-1

jJJVMN- I
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10 jjJJ* I
KK-IRAYS(J)

20 II-1I11
I.J(II-ISTART+I)+ICON*(JJ-JSTART)

C IF THE ARRAY IF FOR THIS ELMNT CONTAINS A VALUE OF ZERO, THE ELMNT IS
C NOT FLAMING

IF(IF(IJ) EG.0)G0 TO 190
C USE SUBR ISIDE TO DETERMINE THE OPEN SIDES (IF ANY) OF THE ORIGINATING
C ELEMENT. AND SUBR CWORD TO UNPACK THE ELMNT STATE DATA.
25 CALL ISIDE(IF(IJ),ISD)

CALL CWORD(IWCRDS(ISII.Dd),ITX.ITY)
TXO ITX

C IF IF HAS THE VALUE 1, THE ELMNT I1. JJ IS AN INTERIOR ELMNT (HAS NO
C SIDES ON THE FIRE PERIMETER). SO SKIP TO 120 FOR SIDEWALL OR SEAT
C SPREAD TESTS.

IF(IF(IJ) EQ. l)G0 TO 120
KX-KK
L-1

C STMT 30 IS THE START OF A LOOP TO EXAMINE EACH OF THE 4 POSSIBLE
C SPREADING DIRECTIONS (GIVEN BY THE VALUE OF L). THE VALUE OF ISD(L)
C OF ZERO INDICATES WHETHER A GIVEN SIDE IN THE DIRECTION L IS OPEN.
C RFS IS THE CURRENT SPREAD RATE FOR SEAT MATERIALS.
30 IF(RFS(KKoL).LE.O.O) GO TO 110

IF(ISD(L).LE.0) GO TO 110
C COMPUTE THE TIME TO SPREAD AND COMPARE IT TO THE CURRENT TIME-IN-STATE
C FOR THE ORIGIN ELMNT.

TIMSP-SQD/RFS(KK, L)
IF(TXO.LT.TIMSP) GO TO 110

C IF SPREAD SHOULD OCCUR SELECT THE APPROPRIATE DIRECTION AND COMPUTE
C THE INDICES, IDXI AND IDXJ, OF THE ELMNT WHICH IS A CANDIDATE FOR
C IGNITION.

GO TO(40, 50, 60, 70), L
40 IF((JJ-1).LT.I) GO TO 45

IDXJiJJ-1

GO TO 47
45 IDXJ-JMAX(I)
47 IDXIII
48 KV-IRAYS(IDXJ).

GO TO 132
50 IF((JJ I).GT. JMAX(l)) GO TO 55

IDXJ-,JJ+
GO TO 47

55 IDX-JuI
GO TO 47

60 IF(II.EQ, 1)GO TO 110
IDXI-II-1

67 IDXJ-.JJ
GO TO 48

70 IF(II.EQ. IMAX(1))GO TO 110
IDXI=II+
GO TO 67

C UNPACK THE STATE DATA FOR THE CANDIDATE ELMNT.
82 CALL CVOUT(IDXIIDXJ, I, ISTISTPITFCP)

CALL CWORD(IWORDS(IS. IDXI,IDXJ),ITX.ITY)
C ELMNTS IN STATES 1,2.5, AND 6 ARE IGNITED. THOSE IN STATES 3,4 AND 7
C ARE SKIPPED.

GO TO (83,83,110,110,83,83,110),IST
C UPDATE THE RATES OF HEAT. SMOKE. AND GAS RELEASE AND OXYGEN

C CONSUMPTION TO REFLECT THE NEW IGNITION. COMPUTE THE NEW VALUE OF
C FRACTION CONSUMED, ITFCP, AND SET THE TIME-IN-STATE CLOCK, ITX, TO
C ZERO.
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63 IF(IST EQ.2) NPE(I)-NPE(l)-l
I4TEMPU IM~ATS(KV)
DGKnDGK'+GTR*DGM (KTEMP)
TDGMTL-KTEMP) - TDOMTL(KTEMP) +GTR *DOMO(TEIP)

RSFK-RSFK+GTR*RSF (KTEM'P)
VITNRaVITNR.GTR*OGMCKTEMP )/FOX(KTEMP)
DO 85 IG-1.NTXG

85 RGFKCIG)-RGFK(IG).GTR*RGF(IG.KTEMP)
XTFC-ITFCS(KV)
IF(XTFC.LE.O. ) GO TO 110
KTEMP-(DELTSP/XTFC )*THOU
ITFCP- ITFCPeKTEMP

90 IST-3
C REPACK THE ELMNT STATE DATA

ITX-O
NFE( I )NFE( I)+l
ISQ-I
IF( ITY. LT. 0) ISOm-
IWORDS(IS. IDXI. IDXJ).ITY*10000.@ISG*ITX
ISTATSC IS. IDXI. IDXJ)-ITFCP*100+ISTP.1O+IST

C IF ALL 4 DIRECTIONS HAVE BEEN CHECKED JUMP TO 120, IF NOT RETURN TO 30
110 IF(L.GE.4) GO TO 120

L-L.1
GO TO 30

C THE NEXT 35 STMTS CONCERN THE SPREAD OF FIRE TO THE SIDEWALLS FROM THE
C SEATS. FIRST THE SEAT ELMNT MUST BE IN THE CORRECT POSITION (CUSHION
C TOP OR REAR OF BACKREST) AND MUST HAVE BEEN BURNING FOR THE REQUIRED
C LENGTH OF TIME, TIMWS. FINALLY THE SEAT MUST SE WITHIN ONE ELMNT'S
c DISTANCE FROM THE SIDEWALL.
120 CONTINUE
124 IF(JJ. GT. 5 AND. JJ. LT. 13) GO TO 190

IF(JJ. GT. 18 .AND. JJ. LT. 22) GO TO 190
IF(JJ. EG.5)GO TO 145
IF<.AJ. EQ. 221G0 TO 150
IF(RFWS.LE.0. )GO TO 190
TIMWS-DWS/RFWS
IF(TXO.LT.TIMWS)O TO 190

IXU2. O4SGWDC IS)+TOL
IF(II.NE.1 OR. IONECIS).GT.2)0O TO 135

C SEAT GROUP IS NEXT TO THE LEFT SIDEWALL.
IF(JJ. GT.12 AND. JkJ. LT. 19)00 TO 130

C USE THE ARRAYS ISSWLI AND ISSWLJ TO COMPUTE THE SPREAD FROM SEAT
C CUSHIONS TO THE SIDEWALL - LEFT SIDE.

IP-ISSWLI(IS, JJ)
JP-ISSWLJC IS. JJ)

125 ICRITaIRAYCIP)
CALL CVOUT(IP.JP. ICRIT. 1ST. ISTP. ITFCP)
IF(IST.NE. STP) GO TO 190
CALL CWORD(IWORD(IPJP). ITXITY)
KTEMP-IMATL( ICRIT)
XTFC-ZTFC( ICRIT)
IF(XTFC. LE.0. ) GO TO 190
GO TO 154

C USE THE ARRAYS ISSWLI AND ISSWLJ TO COMPUTE THE SPREAD FROM SEAT
C BACKRESTS TO THE SIDEWALL - LEFT SIDE.

130 JX.-JJ-8

IP-ISSWLI (IS. JX)
JPnISSWLJ( IS. jX)
GO TO 125

C SEAT GROUP IS NEXT TO THE RIGHT SIDEWALL.
135 IY-IX+IONE(IS)+1
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IF(II NE. IX CR lY.LT IMAX(1))GO TO 190
IF(JJ. GT 12 AND. JJ.LT 19) GO TO 140

C USE THE ARRAYS ISSWRI AND ISSWRJ TO COMPUTE THE SPREAD FROM SEAT
C CUSHIONS TO THE SIDEWALL - RIGHT SIDE.

IP-ISSWRI(IS, Jj)

JP-ISSWRJ(IS, Jj)
GO TO 125

C USE THE ARRAYS ISSWRI AND ISSWRJ TO COMPUTE THE SPREAD FROM SEAT
C BACKRESTS TO THE SIDEWALL - RIGHT SIDE.
140 JX-dJJ-

IP-ISSWRI(IS, JX)
JP-ISSWRJ(IS, JX)
GO TO 125

C THE NEXT 30 STMTS CONSIDER FIRE SPREAD BY FLAMES JUMPING FROM THE
C FRONT OF ONE SEAT GROUP TO THE BACK OF ANOTHER OR VICE VERSA.
C THE POSSIBILITY OF A JUMP OCCURS ONLY WHEN THE FORE-AFT SEPARATION
C BETWEEN TWO SEAT GROUPS IS TWO OR LESS ELMNT WIDTHS.
C FIRST CHECK FOR SPREAD FROM THE BACK OF THE CURRENT SEAT GROUP TO THE
C FRONT OF THE ONE BEHIND IT (IF ANY). IP AND JP ARE THE "TARGET ELMNT"
C INDICES ON THE SEAT TO BE IGNITED.
145 II=IS+

IF(I1 GE. 9)GO TO 190
12-9
IK-IS
L-IONE(IS)+II
DO 146 IJ-II.12
IK-IK I
IF(IARY(L, IK).NE.O)GO TO 147

146 CONTINUE
GO TO 190

147 IF((JONE(IK)-JONE(IS)+3) GT.2)GO TO 190
IP-IARY(L, IK)

JP-22
KJ-7

148 ICRIT=IK+LSN
CALL CVOUT(IPJP- ICRIT, IST, ISTP, ITFCP)
IF(IST. NE. ISTP)GO TO 190
CALL CWORD(IWORDS(IS, IP,JP),ITX.ITY)
KTEMP-IMATS(KJ)
XTFC-ITFCS(KJ)
IF(XTFC. LE.O. ) GO TO 190
gO TO 154

C CHECK FOR SPREAD FROM THE CURRENT SEAT GROUP TO THE UNE AHEAD OF IT.
C IP AND JP ARE THE TARGET ELMNT INDICES OF THE SEAT AHEAD.
150 12-IS-i

IF(12.LE.1)GO TO 190
Ili

IK-IS
L-IONE(IS)+II
DO 151 IJ-I1, 12
IK-IK-1
IF(IARY(LIK).NE.O)GO TO 152

151 CONTINUE
GO TO 190

152 IF((JONE(IS)-JONE(IK)-3) GT.2)GO TO 190
IP-IARY(L, IK)
JP- 5
K.J-2
0 TO 148

C ELMNTS IN STATES 1,2,5, AND 6 WILL BE IGNITEDi OTHERS ARE SKIPPED.
C ADJUST THE PRODUCT GENERATION RATES AND OXYGEN CONSUMPTION RATES
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C FOR THE EFFECT CF THE IGNITED ELMNTS
154 GO TOC 155, 155. 190, 190. 155, 155. 190) 1ST
155 IF(IST.EQ.2) NPE(ICRIT)-NPE(ICRIT)-l

DOA-DGA+QTR*DGM KTE?1P)
TDGMTL(KTEIP) - TDGOfTL(KTEMP) * GTR * DGM(KTEMP)
RSFK=RSFK+QTR*RSF (KTEMP)
VITNRUVITNRGTRIDQf(KTEMP ) FOX (KTEMP)
DO 160 IG-1.NTXG

160 RGFK(IG)-RGFK(1G)+TR*RF(G,KTEMP)
ITEMP-(DELTSP/XTFC )*THOU
ITFCP-ITFCP+I TEIIP

170 I97-3
ITX-O
NFE( ICRIT)-NFE( ICRIT)+l

C REPACK THE ELMNT STATE DATA FOR LINING SURFACES OR SEATS AS REQUIRED.
I SG- 1
IF( ITY. LT. 0) ISG--i
ITI-ITY*IOOOO+ISG*ITX
IT2-ITFCP*100*ISTP4'1O.IST
IF(ICRIT. 7. LSN)GO TO 180
IWORD( IP, JP)uITl
ISTATEC IP. ,JP)-1T2
GO TO 190

190 IWORDS(IS. IP.,JP)-ITI
ISTATS( IS. IP. JP)=IT2

C END OF LOOPS OVER ORIGINATING ELIINTS.
190 IF(II.LT.IVMX) GO TO 20

I I-XVPIN-1
IF(J.,J.LT.JV X) GO TO 10
RETURN
END
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SUBROUTINE FCONS( I)

C------------------------------------
C OB.JECTIVE
C (1) SUBROUTINE FCONS COMPUTES THE FIRE SPREAD DUE TO FLAMES FROM A
C FIRE ON A SEAT GROUP CONTACTING CEILING AND/OR HAT RACK ELMNTS
C COMMENTS
C (1) TERMINOLOGY OF *SHOOTING" AND 'TARGET" ELMNTS APPLIES. SEE SUBR
C FCON.
C-----------------------------------------------------------------------

COIIMON/CNTRL/DELTAT. DELTSP. ECOFLG. IDELT. IOENT(20),ZDTPRV. IPEMS,
I IPSPR. LPAUX. IRATIO. ISAVE. ISCALE. ITFIN. ITIVIE.ITIM2,

2 ITSPRD. NPASS. TFINAL. IDBUG1. EPSLN. MAX ITR. MAXCUT,
3 JCBSKP
COMMON/FIRES/AFM(7),ASM(7), ISTATECIZO. 15). ISTATS(9. 16,22).

I IWORD(12O,15),IWORDS(9,16.22),NFLM(7),NPYR(7),
2 RQSCIO.7),RSS(7),TOTQAS(10),TQTSEMTRGF(10),
3 TRGS(10),TRSF,T.RSS.NCE(30),vrTNR.TOTVIT.RADFlR(30),
4 ACM(7)hAF(30).AFI,AEXP,COMB(30).DQK,FLMLC3O).FSNX,
5 FSN2.FSN3.GAMMA(30). IBURN. IF(600). IGMNI. IGMN..IGMXI,
6 IGMX,IGNFIR. IGNIJ(2. 100). IOSN. ISFIRE(30). IVMAX(30).
7 IVMIN(30).IVMNIVMXIXFIRE IZCONE(30),JVMAX(30).
a ~ JVMIN(3O).JVMN.JYMX.K.NFE(30).NFIRESNJCNIJSG.
9 NPE(30),NSFL(7).OMEGA(3O),PDH.,PIGN.RF(20,4).RFS(7,4),
1 RFWSRGF(10,7).RGFK(lO).RHOZ(30),RSF(7).RSFK.TD.
2 TDURNI,UZ(3O),YZ(30),ZB(30),RHOEFG.CHIEFG(11) ,
3 Pt.OWZN. FLWOUT. TEFG. IFRVNT. GENRAT( 11). TDOMTL (7),
4 TP(7).TPC(7)
COMMON/GASES/CHIL( 11. ), CHIUC11. 5).CP, NGAS( 11).NSPCS. PAMS. PF( 5).

I RHCArf,RHOLC5),RHOU(S),TAM,TL(5),TU(5),VOLL(5),
2 VOLU(5).ZD(5).XTHEN(120),WMOLEC(11),TWO(IOI),
3 JCOR(120)
COMMON/GMTRY/IMATL(20). IMArs(7). IMTLP(4). IMAX(30). I N(30),
1 IRAY(116).IRAYS' 22).JMAX(30).JMIN(30),LSN.MAXELI.NS,
2 CH.CL(4).CW.DWS.HSTS.IARX(40,15).IARY(40,12),ICLL.
3 ICLR. lEND. IFIRL. IFIRR. ILSTL, ILSTR. IONE(9),
4 ISSWLI(9. 1O),ISSWLJ(9.10).ISSWRIC9.10),ISSWRJ(9.10),
5 ISWSL(15. 8). ISWSR(15. 0).ISTARTNPRQJ, IPJUL.IPJLL,
6 IPJUR. IPJLR.,JEND. .JNE(9). JSTARTNJS.NSG, NV. SGbdD(9),
7 SL,SWD(20),VN(20,3),VENTH(24),VE-NTW(24).VE-NTT(24).
a XN(30)XMX(30).XCOR(9hYCOR(9).Z(30),SSWDTVSGI
9 HTI.HT2,HT3,HT4(10).NSSTS.SLSW.5X(30).SZ(30).

I CNCTNS(24).NCOMPS. IFRCMPFLOJ(24). INTO(24),YTOTAL(4),
2 FHMZN
COMMON/MATLS/TABX( 18. 7. 6.TADYC 8. 7, 6).NTXQ. FOXI, RADTAS (7), RADI.

I FO)X(7).NMATLSDQI,DGM(7),GAMIGTA(7),ITF(20).IRAMPT,
2 ITFC(20),XTFCS(7),ITFS(7),ITP(20),ITPC(20),ITPCSC7),
3 ITPE(20),ITPES(7),ITPS(7),GCI,GP(7),TA(7),RHOI,
4 RHOM(7),RSI,RTAB(7)hRTGI(10),UTAB(7),CNCTY(7).XMU.
5 XMPI,TKNS(7),TSL(30,2,4),TSP(2.2,4)bCPM(7),WMMTL(7),
6 WMIQFTKNSIN(7)
COMMON/PARAMS/ORAY. P1.GTR. RGAS, SIGMA. SOID.THOU. TOL. EC. EP

COMMON/RAOTN/ALPC. ABSCF(30). ES. C(2)
C FHGT - BASE DISPLACEMENT FOR FIRE K + FLAME LENGTH OF THE FIRE

FHGTaZB(K )+FLML (K)
C IF FHGT IS LESS THAN FHMIN. FLAMES DO NOT TOUCH OVERHEAD SURFACES

IF(FHGT.LT.FHMIN)GO TO 500
C FLAG IXFIRE, SET IN SUOR FIRE. SIGNALS THE SEAT FIRE LOCATION:
C IXPIR5 f I a> CUSHION BOTTOM. m2 a> CUSHION TOP. -3 -> BACkKST.

IF(IXFIRE-2)500. 5,7
C IF THE FIRE IS ON THE CUSHION TOP TEST NSFL(7) TO FIND IF IT IS ALL
C ON THE FRONT SURFACE (7) ELEMENT. IF SO, RETURN.
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5 IT-FSN2+TOL
IF(IT. EQ. NSFL(7))GO TO 500
GO TO 10

C IF THE FIRE IS ON THE BACKREST TEST NSFL(4) TO FIND IF IT IS ALL ON
C SEAT SURF 4 AND SO IS TOO SMALL TO CONTACT OVERHEAD SURFACES.
7 IT-FSN3+TOL

IF(IT. EQ. NSFL(4))GO TO 500
C COMPUTE SEAT GROUP NUMBER FROM THE VALUE OF I
10 IS-I-LSN

C STMTS 15 AND 20 START LOOPS OVER THE SHOOTING ELMNTS GIVEN BY II, J .
II=IVMN-I
JJ-,VMN-1
ICON-IEND-ISTART+l

15 JJ--Jl

20 II'II+l
IJI(II-ISTART+I)+ICON*(JJ-JSTART)

C USE THE ARRAY IF TO FIND IF THE SHOOTING ELMNT II, J4 IS FLAMING.
IF(IF(IJ).LT.l)GO TO 100
L-IONE(IS)+Il

C USE THE ARRAY IARY TO FIND (1) IF THE OVERHEAD SURFACE IS A HATRACK
C OR A CEILING/PSU/STOW-BIN SURF AND (2) ITS DISPLACEMENT FROM THE FLOOR

IDX-12
IF(IARY(L, 10).NE.O)IDX-1O
IP-IARY(L, IDX)
ICRIT-IRAY(IP)

C CHECK TO SEE IF THE FLAMES REACH THE OVERHEAD SURFACE.
IF(FHGT.LT.Z(ICRIT))GO TO 100
IF(JJ. GT. 1S)GO TO 35

C SHOOTING ELMNT II, JJ IS ON THE BACKREST, SELECT TARGET ELMNT J INDEX

30 JP-JONE(IS)+4
GO TO 40

C SHOOTING ELMNT II, JJ IS ON THE CUSHION TOP. SELECT TARGET i INDEX
C SKIPPING ROW 22, THE CUSHION FRONT.
35 IF(.J.EG.22)GO TO 100

JP.JONE(IS)+22-JJ
C UNPACK THE TARGET ELMNT STATE DATA.

40 CALL CVOUT(IP, JP, ICRIT,'IST, ISTPITFCP)
CALL CWORD(IWORDC"IP.JP), ITX. ITY)

C SELECT THE STATE TRANSITION APPROPRIATE TO THE TARGET ELMNTS CURRENT
C STATE: I -> 6. 2 -> 3, SKIP 3 AND 4. 5 -> 6, 6 -> 3. SKIP 7. THE
C TRANSITION 6 -> 3 IS MADE ONLY IF THE TARGET ELMNT HAS BEEN IN STATE

C 6 LONGER THAN THE CURRENTLY APPLICABLE IGNITION TIME FOR THIS MATERIAL
55 GO TO(5S,70o95,95,60,70,95),IST
58 ITX-O
60 IST-6

GO TO 90
70 IF(IST.EQ.2) GO TO 75

IF(ITX.LT.ITF(ICRIT))GO TO 95
ITX-ITX-ITF(ICRIT)
GO TO 9O

75 CONTINUE
ITX-O
NPE(ICRIT)-NPE(ICRIT)-I

80 IST-3
C UPDATE THE PRODUCT GENERATION RATES AND OXYGEN CONSUMPTION RATES TO
C REFLECT THE NEW IGNITION OF THE TARGET ELMNT.

KTEMP-IMATL(ICRIT)
DOK-DGKQTR*DQM(KTEMP)
TDQMTL(KTEMP) - TDGMTL(KTEMP) + GTR * DGM(KTEMP)
RSFK-RSFK+QTR*RSF(KTEMP)
VITNRiVITNR QTR*DGM(ATEMP)/FOX(KTEMP)
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DO 82 IGulNTXG
82 ROFK(1G)uRGFK(IG)+QTR*RG.F(IGKTEMP)

C UPDATE THE FRACTION CONSUMED FOR THE TARGET ELMNT.
XTFC-ITFC( ICRIT)
IF(XTFC.LE.0.) GO TO 100
KTEMPm (DELTSP /XTFC ) THOU
I TFCPnITFCP+K'TEMP
NFE( ICR IT)UNFE( ICRXT)+1

C REPACK THE STATE ARRAYS FOR THE TARGET ELMNT.
90 ISGul

IF(ITY.LT.0) ISGf-l
IwORD( IP. JP)-ITY*10000+ISC*ITX
ISTATE( IP.,JP)*ITFCP*100415TP*1O+IST

C FOR SHOOTING ELMNTS ON THE BACKREST SKIP OUT OF THE JJ LOOP TO
C CONSIDER A NEW 11 VALUE S1INCE THE TARGET ELMNTS WILL BE THE SAME FOR
C ALL ,JJ. VALUES AT FIXED 11.

IF(lXFIRE.EG.3)GO TO 110
95 CONTINUE

C END OF TH4E LOOPS OVER THE SHOOTING ELMNTS.
100 IF(II.LT.IVMX)GO TO 20
110 IImIVIN-1

IF(JJ.LT.,JVMX)GO TO 15
500 RETURN

END
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SUBROUTINE PVOLS( I)
C-- -- ---- - -

C OBJECTIVE

C (1) SUBROUTINE PYOLS COMPUTES THE INITIATION OF NEW REGIONS OF
C SMOLDERING ON THE SEATS, CEILING AND/OR HAT RACKS DUE TO THE
C RADIATION FROM FLAMES OF FIRE ON THE SEAT GROUP GIVEN BY THE VALUE
C OF!I.
C COMMENTS
C (1) THE TERMINOLOGY OF "SHOOTING" AND "TARGET" ELMNTS APPLIES. SEE

C------------------------ -- - -- - -- -

C SU- -- - - -- - --R- -- - - -- - -- - - -- - - -- - -- - - -- - -

COMMON/CNTRL/DELTAT. DELTSP. ECOFLG. IDELT. IDENT(20), IDTPRY, IPEMS.
I IPSPR. IPAUX. IRATro. ISAVE. ISCALE. ITFIN. ITlME. ZTZM2,

2 ITSPRD. NPASS. TFINAL. IDBUGI.EPSLN. MAX ITR. MAXCUT,
3 JCBSKP
COMMON/FIRES/AFM(7),ASM(7). ISTATE(120. 15). ISTATS(9. 16.22).

1 IWORD(120,15),IWORDS(9,16,22),NFLM(7),NPYR(7),
2 RGSIO,7,RSS(7)TTGAS(1)TOTSEM.TRGF(1),
3 TRGS(1O),TRSF,TRSS,NCE(30),vrTNR,TOTVITRADFIR(30),
4 ACM(7),AF(30),AFIAEXP.COMB(30).DQKFLML(30).FSNI,
5 FSN2,FSN3.GAMMA(30). IBURN. IF(600). IGMNI. IGMN.J. IGMXII

6 IGMX,IONFIR. IGNIJ(2. 100). IGSN. ISFIRE(30). IVMAX(30),
7 IVMIN(30). IVMN. IVMX. IXFIRE. IZO3NE(30).JVMAX(30).
e JVMIN(30),JVMN,JVMXLK,NFE(30),NFIRES,NIJC.NIJ)S,
9 NPE(30),NSFL(7),OMEGA(30).POH.PIGN.RF(20.4).RFS(7,4),
1 RFWS,RGF(10,7),ROFK(10),RHOZ(30),RSF(7),RSFK,TD,
2 TBURNI,UZ(30),YZ(30),ZB(30),RHOEFOCHIEFG(11),
3 FLOWIN. FLWOUT. TEFG. IFRVNT. GENRAT(11). TDOMTL(7),
4 TP (7), TPC C7)
COMMON/GASES/CHIL( 11. 5), CHIU( 11. 5). CP. NGAS( 11).NSPCS. PAMB. PF( 5).

I RHO3AMRHOL(5),RHOU(5),TAM,TL(5),TU(5),VOLL(5),
2 VOLU(5).ZD(5).XTHE-N(120).WMOLEC(11).TWO(101),
3 JCOR(120)
COMMON/GMTRY/IMATL(20). IMATS(7). IMTLP(4). IMAX(30). IMIN(30)I

I IRAY(116)hIRAYS(22),JMAX(30),JMIN(30),LSNMAXELI,NS,

2 CH,CL(4),CW.DWS,HSTS,IARX(40,15),IARY(40.12),ICLL,
3ICLR. lEND. IFIRL. IFIRR. ILSTL. ILSTR. IONE(9).
4 ISSWLI(9,10),ISSWLJC9,10),ISSWRI(9,10),ISSWRJ(9,10).

5 ISWSL(15. 8). ISWSR(15.B). ISTART.NPROJ. IPJUL. IPJLL,

7 SLSWD(20),VN(20,3),VENTH(24),VENTW(24).VENTT(24).

9 XMN(30),XMX(30),XCOR(9),YCOR(9),Z(30).SSGWD.TVS,
9 HTI,HT2,HT3,HT4(1O).NSSTS.SLSW.SX(30),SZ(30),
I CNCTNS(24).NCOMPS. IFRCMP,FLOW(24). INTO(24),VTOTAL(4),
2 FHMIN
COMMON/MATLS/TABX( 19.7. 6),TABY( 19.7.6). NTXG FOXI, RADTAS(7). RADI.

I FOX(7),NMATLS,DOI..DOM(7),GAMI,GTAB(7),ITF(20),IRAMPT,
2 ITFCC2O),ITFCS(7).ITFS(7),ITP(20).ITPC(20),ITPCS(7).
3 ITPE(20),ITPES(7).ITPSC7),GCIGP(7),GTAB(7),RHOI,
4 RHOM(7),RSI,RTAB(7).RTGI(10),UTAB(7),CNDCTY(7), XMUI.

5 XMFI,TKNS(7),TSL(30,2,4),TSP(2.2,4),CPM(7).WMMTL(7),

6 WMIGF.TKNSIN(7)
COMMON/PARAMS/GRAY. P1, TR, RGAS. SIGMA. SOD.THOU. TOL. EC. EP
COMMON/RADTN/ALPC. ABSCF(30). ED. C(2)
DIMENSION ISD(4)

C ICON IS A CONSTANT USED WITH ARRAY IF.
C FHGT w FIRE BASE DISPLACEMENT + FLAME LENGTH

ICON-IEND-ISTART.1
FHGT-ZB(K)+FLML(K)

C IF THE FIRE IS ON THE CUSHION BOTTOM SKIP IT AND RETURN (IXFIRE =1)
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IF(IXFIRE-2)500.5.7
C IF THE FIRE IS TOTALLY ON THE CUSHION FRONT SURFACE (7), SKIP IT AND
C RETURN.
5 ITmFSN2+TOL

IF(IT.LE.NSFL(7))GO TO 500
GO TO 10

C IF THE FIRE IS ONLY ON :.iE TOP OF THE BACKREST (SURFACE 4) SKIP IT AND
C RETURN.
7 ITaFSN3+TOL

IF(IT.LE.NSFL(4))GO TO 500
JJ-11

C COMPUTE THE SEAT GROUP NUMBER FROM THE VALUE OF I.
10 IS-I-LSN

C STMTS 15 AND 20 START LOOPS OVER THE SHOOTING ELMNTS II, iJ.
II-IVMN-1
IF(JJ.EG.11)Q0 TO 15
JJ-JVMN-I

15 JJJJ+1

20 IIaI.1l
IJn(II-ISTART+I)+ICON*(JJ-JSTART)

C IXFIRE - 3 a> FIRE ON BACKREST, IF NOT SET IRET -2 -> LATERAL
C INFLUENCE COMPUTATIONS NOT REQUIRED.

IF(IXFIRE. NE. 3)GO TO 22
IRET-2
GO TO 28

22 IF(IF(IJ)-I)500,26.27
C SHOOTING ELMNT IS NOT ON THE BASE PERIMETER, SET IRET - 2
26 IRET-2

GO TO 28
C SHOOTING ELMNT IS ON THE BASE PERIMETER. IRET - I
27 IRET-1

C SAVE THE SHOOTING ELMNT INDICES AS IP, JP AND SET IRET a 1 TO SIGNAL
C LATERAL INFLUENCE COMPUTATIONS REQUIRED.
28 IP-II

JP-)

KK-IRAYS(JP)
GO TO 180

C CONTROL REACHES STMT 30 IF SMOLDERING OF ELEMENTS NEXT TO AND ON THE
C SAME SURFACE AS THE FIRE BASE IS TO BE CONSIDERED. USE ISIDE TO
C DETERMINE WHICH SIDES OF THE SHOOTING ELEMENT ARE ADJACENT TO
C NON-BURNING, AND THUS CANDIDATE TARGET ELEMENTS.
30 CALL ISIDE(IF(IJ),ISD)
C COMPUTE THE SMOLDERING RANGE IN TERMS OF THE NUMBER OF ELMNT
C DIMENSIONS

NSQHOPDH/SOD
IF(NSQH.LT. 1)GO TO 300
NSQ-0

C PREPARE TO FORM A LOOP OVER THE 4 DIRECTIONS OUT FROM THE SHOOTING
C ELMNT. L INDICATES THE CURRENT CHOICE OF DIRECTION, NSa THE NUMBER
C OF ELMNTS CONSIDERED IN MOVING IN EACH DIRECTION.
40 LaO
50 L-L+t

IF(ISD(L).E.1)GO TO 70

60 IF(L.EQ.4)GO TO 300
NSQmO
GO TO 50

70 NSQ-NSQG+
GO TO (0O.QO, 100. 110).L

C THE FOUR GROUPS OF STATEMENTS AT 80, 90, 100, AND 110 SELECT THE I AND
C J INDICES FOR THE CANDIDATE TARGET ELMNTS. TESTS ARE MADE TO PREVENT
C COMPUTING INVALID INDEX VALUES.
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80 IP-II
JP-,JJ-NSG
IF(JP. LT. 19)GO TO 60
GO TO 85

90 IP-11

JP-JJ+NSQ
IF(JP.GT.21)GO TO 60
GO TO 85

100 IP-II-NSQ

IF(IP.LT. IMIN(I))GO TO 60
GO TO a5

110 IP-II NSO
JPu.JJ
IF(IP.GT. IMAX(I))GO TO 60

C IRET - 3 SIGNALS CONTINUED NEED FOR PERIMETER (LATERAL) CHECKING.
85 IRET-3

C UNPACK THE STATE DATA ON THE CANDIDATE TARGET ELMNT. ITS PAST AND
C PRESENT STATE MUST BE EQUAL TO QUALIFY FOR TRANSITION.
122 CALL CVOUT(IPJP, I. IST, ISTP, ITFCP)

IF(IST.NE.ISTP)GO TO 160
CALL CWORD(IWORDS(IS, IPJP).ITXITY)

C SELECT THE STATE TRANSITION BASED ON THE CURRENT STATE: 1 -> 5; 2
C REMAINS 2; SKIP 3, 4, AND 7; 5 -> 2, 6 -> 5.

GO TO (124, 130, 160,160,130.125,160). IST
124 ITX-O
125 IST-5

GO TO 140
130 IF(IST.EQ.2)GO TO 135

KX=IRAYS(JP)
IF(ITX.LT.ITPS(KX))GO TO 135
IST-2
XTPC-ITPCS(KX)
IF(XTPC.LE.O. ) GO TO 160
KTEMP-(DELTSP/XTPC)*THOU

ITFCP-ITFCPKTEMP
ITX-ITX-ITPS(KX)
NPE(I)-NPE(I) 1

C REPACK THE NEW STATE DATA ON THE TARGET ELMNT.
135 ITY--1
140 ISO-I

IF(ITY. LT.O)ISG=-I
IWORDS(ISoIP, P)-ITY*10000+ISG*ITX
ISTATS(IS, IP ,P)=ITFCP*100ISTP*IO IST

160 CONTINUE

C CONTROL REACHES STMT 190 WHEN THE SURFACE OF THE TARGET ELMNTS IS
C A CEILING OR HAT RACK SURFACE. USE ARRAY IARY TO DECIDE WHICH
180 LL=IONE(IS)+IP

IDX-12
IF(IARY(LL, 10).GT. O)IDX-IO
IPP-IARY(LL, IDX)
JPP-,ONE(IS)+4
IF(JP. EG. 22) GO TO 250
IF(IXFIRE. EQ.2)JPP-JPP+1-JP
ICRIT-IRAY(IPP)

C TEST TO FIND WHETHER THE FLAMES CONTACT THE TARGET ELMNTS, IF NOT SKIP

C FURTHER CALCULATIONS.
ZZ-Z(ICRIT)-FGT
IF(ZZ.LT.O)GO TO 250
XTEMm(ZZ*ZZ/(YZ(K)*YZ(K)))*4.0

C COMPUTE THE RADIATION LEVEL FOR THIS OVERHEAD SURFACE.
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QCS=6.52*(I.-U(XTEM-3. )/SGRT((9.+XTEM)*(i.-xTEM))))

IMT-IMATL(ICRIT)
C TEST THIS RADIATION LEVEL VERSUS THE THRESHOLD LEVEL FOR THE MATERIAL
C OF THE TARGET ELMNTS, IF THE THRESHOLD IS NOT REACHED SKIP OUT

IF(CS.LE.QP(IMT))GO TO 250
C UNPACK THE STATE DATA ON THE TARGET ELMNT.

CALL CVOUT(IPPJPP, ICRIT, IST, ISTP, ITFCP)
rF(ZST. NE. ZSTP)GO TO 250
CALL CWORD(IWORD(IPPJPP),ITX, ITY)
XTPC-ITPC(ICRIT)

IF(XTPC. LE.O. ) GO TO 250
ITXX-ITP(ICRIT)

C SELECT THE STATE TRANSITION BASED ON THE CURRENT STATE, SAME RULES
C APPLY AS FOR THE PERIMETER CALCULATIONS.
210 GO TO(211.215,250,250,215,212,250),IST
211 ITX-0
212 IST=5

0 TO 230
215 IF(IST.EQ.2)GO TO 220

IF(ITX.LT.ITXX)GO TO 220
IST-2
JTEMP-(DELTSP/XTPC)*THOU
ITFCP ITFCP+-JTEMP

ITX-ITX-ITXX
NPE(ICRIT)*NPE(ICRIT)+1

C REPACK THE TARGET ELMNT STATE DATA.
220 ITY--L
230 ISG-1

IF(ITY. LT.O)ISG-1
IWORD(IPP. PP)-ITY*1O0O0OISG*ITX
ISTATE(IPP, JPP)-ITFCP*100+ISTP*10+IST

C THIS COMPUTED GO-TO SWITCHES CONTROL BACK TO MORE LATERAL (PERIMETER)
C CALCULATIONS AS REQUIRED.
250 IF(IRET-2)30.300,260

C IF NOT ALL OF THE SMOLDERING RANGE HAS BEEN CONSIDERED RETURN TO 70.
260 IF(NSQ.LT.NSOH)GO TO 70

GO TO 60
C END OF THE LOOPS OVER-THE SHOOTING ELMNTS.
300 IF(II.LT.IVMX)GO TO 20

II-IVMN-1
IF(JJ. EQ. 12)G0 TO 500
IF(dJJ.LT.JVMX)GO TO 15

500 RETURN
END
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SUBROUTINE TEST (I)
C -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C OBJECTIVE(S)
C (1) EXAMINE ALL ELEMENTS IN THE FLAMING STATE (STATE 3) ON SURF I TO
C (A) UPDATE THEIR "FRACTION- CONSUMED" CLOCKS. ITFCP
C (1) FIND THOSE ELMNTS WHICH ARE NOW DUE TO BURN OUT AND SET
C THEM TO STATE 4, CHARRED.
C (2) FIND THE TOTAL RATES OF HEAT, SMOKE. AND GAS RELEASE FOR ALL MATLS
C IN THE FLAMING STATE BY SUMMING THE VALUES FOR EACH SURFACE 1.
C COMMENTS
C (1) TEST IS CALLED ONCE FOR EACH FIRE A FOUND ON SURFACE I

COMMON/CNTRL/DELTAT. DELTSP. ECOFLGO. DELT. IDENT(20), IDTPRV. IPEMS.
I IPSPR. IPAUX, IRATIO. ISAVE, ISCALE. ITFIN, ITIME. ITIM2.
2 ITSPRD. NPASS, TFINAL. IDDUGI, EPSLN. MAX ITR. MAXCUT.

3 ~ JCBSKP
COMMON/FIRES/AFM(7), ASM(7). ISTATE( 120. 15), ISTATS(9. 16, 22).
I IWORD(120,15)..IWORDS(9,16,22),NFLM(7tNPYR(7)-
2 RGS(1O,7).RSS(7),TOTOAS(10),TOTSEM,TRGF(10).
3 TRGSCIO),TRSF.TRSS,NCE(30).VITNR.TOTVITRADFIR(30)
4 ACM(7).AF(30).AFI,AEXP,COM(3),D)K,FLML(30),FSNI.

13FSN2,FSN3.GAMMA(30). IBURN, IF(600), IOMNI. IGMNJIGMXI.
6 IGMXJ, ZONFIR. IGNI.J(2. 100). IGSN. ISFIRE(30). IVMAX(30).
7 IVMIN(30). lYN. lYX. IXFIRE, IZONE(30),JVMAX(30),
9 JVMIN(30),.JVMN.JVMX.K.NFE(30),NFIRES.NIJC,NIJSQ-
9 NPE(30),NSFL(7),OMEGA(30,PDHPII"I.F(20.4),RFS(7.4),
I RFWS.RGF(I0,7),RGFK(10),RHOZ(3O).RSF(7).RSFK,TDO,
2 TBURNIUZ(30),YZ(30).ZB(3).RHEFG.CHIEFG(11) '3 FLOWIN. FLWO)UT. TEFO. IFRVNT. GENRAT(1U. TDOMTL(7),
4 TP(7).TPC(?7

COMMON/GASES/CHILC 11.5). CHIU( 1. 5), CP. NGASC 11).NSPCS, PANG. PFC5),
I RHOAM. RHOL(5). RHOU(!). TAM. TL(5). TU(5). VOLL(S),
2 VOLU(5),ZDCS).XTHEN(120.WMOLEC(I1).WCIdl01).
3 JCOR(120)
COMMON/GMTRY/IMATL(20).IMATS(7).IMTLP(4). IMAX(30). IMIN(30).
I IRAY(116).IRAYS(22),JMAX(30),JMIN(30).LSN.MAXELINS,
2 CH,CLC4),CW.DWS.HSTS,IARX(40.15).IARY(40,12).ICLL,
3 ICLR lEND. IFIRL, IFIRR. ILSTL, ILSTR. IONE(9).
4 ISSWLI(9. 10), ISSWLJ(9. 10). ISSWRIC9. 10). ISSWRJ(9. 10).

5 ISWdSL(15. B). SWSR(15.9), ISTARTNPRO,IPJUL. IPJLL,
6 IPJUR. IPJLR.JEND.,JONE(9). JSTART.NJS. NSG NY. SGWD(9)I
7 SL,SWD(20).VN(20.3),VENTH(24),VENTW(24).VENTT(24),
* XMN(30),XMX(30),XCOR(9),YCOR(9),Z(30).SSGWD,TVS.
9 HTI,HT2.HT3,HT4(1O).NSSTSSLSW.SXC30),SZ(30).
I CNCTNS(24),NCOMPS.IFRCMPFLOW(24),INTO(24),VTOTAL(4),
2 FHMIN
COMMON/MATLS/TABX( 19.7. 6),TABYC 19.7. 6).NTXG, FOX!. RADTAB(7). RADI,

1 FOX(7).NMATLS,DGI.DQM(7),GAMI,GTAB(7),ITF2).IRAMPT,
2 ITFC(20),ITFCS(7),ITFS(7),ITP(20),ITPC(20),ITPCS(7).
3 ITPE(20),ITPES(7),ITPS(7).GCI.0PC7),OTAS(7),RHOI.
4 RHOM(7) RSI. RTAU(7). RTGI (10), UTAB(7). CNDCTY(7). XMUI,
5 XMFI. TKNS(7),TSL(30. 2.4), TSP(2. 2,4), CPM(7), WMMTLC7).

6 WMIGF.TKNSIN(7)
COMMN/PARAMS/GRAY. P1, TR. ROAS.SIGMA, SOD.THOU. TOL, EC. EP
COMMON/RAOTN/ALPC, ABSCF(30), EB. C(2)
COMMON /PRTCMN/ ASRFUZ (22. 4). ASRFLZ (22, 4), CVFLWU(22. 4).

* CVFLWL(22,4),RDFLWU(22,4),RDFLWL'22,4)
* YTFLWV(24,2),VTFLWE(24.2),FUVDOT 30),
* FBSDOT(11,30),FBODOT30.FRENTRjO)

C COMPUTE THE ELMNT AREA. SA, AND SELECT THE MAX AND MIN I AND .J VALUES
C FOR THIS FIRE, K.
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SA-SQD*SOD
I1-IVMIN(K)
12-IVMAX(K)
JI=JVMIN(K)
J2-JVMAX(K)

C ITEST IS A FLAG TO INDICATE IF IT HAS BEEN DISCOVERED THAT THE ION SRC
C FIRE HAS BURNED OUT. ITEST = 1 => BURNED OUT.

ITEST-O
C START OF TWO NESTED LOOPS TO SEARCH THE ELMNTS OF THIS FIRE, NOTE THAT

C ALL ELMINTS WITHIN THE "BOX" FORMED BY I1, 12, J1. AND J2 WILL NOT
C NECESSARILY BE IN STATE 3.

DO 200 I-I ,12
DO 190 JJ-JI. J2

C IRET IS A FLAG USED AS FOLLOWS: IRETwI -> ELMNT IN STATE 3 (AND NOT
C JUST IGNITED ON THIS PASS) AND DOES NOT NEED SPECIAL HANDLING BECAUSE
C IT IS AN IGN SRC ELMNT; IRET-2 -> AS ABOVE. BUT ELMNT IS PART OF ION
C SRC FIREi IRET-3 -> ELMNT NOT IN STATE 3.

IRET=3
CALL CVOUT(II.JJ, i, IST, ZSTP. ZTFCP)

C IF ELMNT IS NOT IN STATE 3 OR HAS JUST BEEN SET TO 3 ABOVE, SKIP IT BY
C JUMPING TO END OF LOOP

IF(IST. NE. ISTP. OR. IST.NE.3) GO TO 190
C IQNFIR-2 -> THIS FIRE CONTAINS ION SRC ELMNTS, I-IGSN -> CURRENT SURF
C IS THE ONE CONTAINING THE ION SRC, IN EITHER CASE CHECK TO SEE IF THIS
C ELMNT IS PART OF THE IGN SRC FIRE BY JUMPING TO STMT S.

IF(IGNFIR.EQ.2 OR. I.EG. IGSN)GO TO 8
IRET-I
GO TO 20

C CHECK THE INDICES OF THIS ELMNT AGAINST THE LIST OF ION SRC ELMNT
C INDICES. IF A MATCH IS FOUND SET IRET -2 FOR USE BELOW.
a DO 10 KJI.NIJSG

IF(II. NE. IGNIJ(1,KJ) OR. J4. NE. IGNIJ(2, KJ))GO TO 10
GO TO 12

10 CONTINUE
IF(IGNFIR. NE. 2)ZRET-I
GO TO 20

12 IF(IONFIR. EG. 2)IRET-2
C TEST IF CURRENT SURF IS A LINING SURF OR A SEAT.. IN EACH CASE, UNPACK
C IWORD(S) TO GET AT ITX, THE TIME-IN-STATE CLOCK.
20 IF(I.GT.LSN) GO TO 30

KX-IRAY(II)

KTEMP-IMATL(KX)
XTFC-ITFC(KX)
CALL CWRD(IWORD(II.J)). ITX, ITY)
GO TO 40

30 IS-I-LSN
KX-IRAYS(JJ)
KTEMP-IMATS(KX)
XTFC-ITFCS(KX)
CALL CWORD(IWORDS(IS, II.JJ). ITX, ITY)

C USE FLAG IRET TO SELECT METHOD OF UPDATING ITX AND TESTING FOR BURN
C OUT. THE DIFFERENCE IS THAT FOR ION SRC ELMNTS (IRET-2) THE FRACTION-
C CONSUMED, ITFCP. IS FIXED IRRESPECTIVE OF CHANGES IN FLUX LEVEL.

40 IF(IRET-2)45, 120,190
C UPDATE FRACTION-CONSUMED AND TIME-IN-STATE CLOCKS FOR NON-ION SRC
C ELMNTS.
45 ITEMP-(DELTSP/XTFC)*THOU

ITFCPaITFCP*ITKMP
IF(ITFCP.GT.1000)GO TO 55
IDL-DELTSP
ITX-ITX+IDL
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GO TO 140
C UPDATE TIME-IN-STATE CLOCK FOR ION SRC ELMNTS
120 IDLDELTSP

ITX-ITX+IDL
IF(ITX.LT. ITFCP) GO TO 140

C ELMNT HAS BURNED OUT, SET STATE TO 4. ZERO CLOCKS, AND UPDATE COUNTERS
55 IST-4

ITX-O
ITY-O
IF(I.GT.LSN) KX-I
NFE(KX)-NFE(KX)-t

NCE(KX)-NCE(KX)+i
C TEST IF THIS IS AN ION SRC ELMNT

IF(IRET. EG. 2) GO TO So
C ADJUST THE HEAT, SMOKE, AND GAS RELEASE AND OXYGEN CONSUMPTION RATES
C TO REFLECT THE BURN OUT OF THIS NON-IGN SRC ELMNT.

DQK-DGK-SA*DQM(KTEMP)
TDQMTL(KTEMP) - TDQMTL(KTEMP) + QTR * DGM(KTEMP)
RSFK-RSFK-SA*RSF(KTEMP)
VITNR-VITNR-SA*DQM(KTEMP)/FOX(KTEMP)
DO 60 IG-10NTXG

60 RGFK(IG)-RGFK(IG)-SA*RGF(IG.KTEMP)
GO TO 140

C ADJUST THE HEAT, SMOKE, AND GAS RELEASE AND OXYGEN CONSUMPTION RATES

C TO REFLECT THE BURN OUT OF THIS IGN SRC ELMNT.
80 DGK-DGK-SA*DQI

RSFK-RSFK-SA*RSI

VITNR-VITNR-SA*DQI/FOXI
DO 130 IG-1,NTXG

130 RGFK(IG)-RGFK(IG)-SA*RTGI(IG)

C SET ITEST - 1 TO SIGNAL THE BURN OUT OF THE ENTIRE ION SRC FIRE. ONE
C ION SRC ELMNT IS ENOUGH TO INDICATE THIS SINCE ALL IGN SRC ELMNTS ARE
C ASSUMED TO HAVE THE SAME BURNING TIME

ITEST-1
C REPACK ISTATE, ISTATS, IWORD, AND IWORDS AS APPROPRIATE FOR SEATS OR
C LINING SURFACES
140 ITEMP-ITFCP*100+ISTP*IO.IST

ISQ-1

IF(ITY. LT.0) ISOm-i
IF(I.GT.LSN) GO TO 150
ISTATE(II. JJ)-ITEMP
IWORD(II.JJ)-ITY*10000+ISG*ITX
GO TO 190

150 ISTATS(ISII, JJ)-ITEMP
IWORDS(IS, II.JJ)=ITY*i0000+ISG*ITX

C END OF DOUBLE LOOP SEARCHING ELEMENTS OF THE FIRE K.
190 CONTINUE
200 CONTINUE

C
C SAVE THE RATE OF GENERATION OF HEAT AND TRACE SPECIES
C FOR THIS FIRE K FOR PRINTING IN SUIR OUTPUT
C

FOODOT(K) - D0K
DO 205 IG-1,NTXG

205 FISDOT(IG+5,K) = RGFK(IG)
FBSDOT(NTXG+6,K) - RSFK

FBSDOT(2,K) a VITNR
C TEST TO FIND IF THE IGN SRC FIRE HAS BURNED OUT. IF SO SET THE FLAG
C IBURN TO ZERO, THE IGN FIRE AREA TO ZERO. AND THE IGN SURF TO A
C HARMLESS NUMBER

IF(ITEST. EG.O) GO TO 210
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IGSN-:9Q
IBURN O
AFIO.

C UPDATE THE TOTAL HEAT, (FLAMING) SMOKE, AND (FLAMING) GAS RELEASE
C RATES AND OXYGEN CONSUMPTION RATES BY THE CHANGES FOUND IN THIS SUBR
210 TDG=TDQ+DQK

TRSF-TRSF RSFK
TOTVITaTOTVIT.VITNR

DO 220 IG-I,NTXG
220 TRGF(IG)-TRGF(IG)+RGFK(IG)

C RESET IGNFIR FLAG TO ZERO. IT WILL BE SET BACK TO 2 IF MORE IGN SRC
C ELMNTS ARE DISCOVERED DURING SUBSEQUENT SEARCHES IN THIS SET OF FLAME
C SPRD CALCS. THIS IS DONE IN SUOR FIRE.

IF(IGNFIR. EQ. 2) IGNFIR-O
RETURN
END
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SUBROUTINE ELEM

C --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C OB.JECTIVE(S)
C (1) SCANS ALL LINING AND SEAT SURFACE ELEMENTS TO MAKE APPROPRIATE
C CHANGES OF STATE FOR ALL TRANSITIONS EXCEPT (A) ELMNTS SET TO
C STATE 3 (FLAMING) OR STATE 6 (HEATING BY FLAME CONTACT) IN SUBRS
C COND,CONDS.FCON,AND FCONS; (B) ELMNTS SET TO STATE 2 (SMOLDERING)
C OR STATE 5 (HEATING BY RADIATION ONLY) BY SUBRS PVOL AND PVOLSi
C AND (C) FLAMING ELMNTS BURNING OUT (STATE 3 -> STATE 4) DONE IN

C SUBR TEST.
C (2) UPDATE THE "ELAPSED TIME IN THIS STATE" CLOCK, ITX, FOR THOSE

C ELMNTS IN STATES WHERE THIS TIME IS KEPT (STATES 2.5,AND 6).
C (3) UPDATE THE "FRACTION CONSUMED" CLOCK, ITFPC, FOR ELMNTS

C IN STATE 2.
C COMMENTS
C (1) THE INCREMENT OF ITX IS THE LARGE TIME STEP, I.E. THE TIME BETWEEN
C PASSES THRU THE FLAME SPREAD CALCS.
C (2) THIS SUBR HAS A VERY COMPLICATED TRANSFER STRUCTURE, CAREFUL
C ATTENTION SHOULD BE PAID TO THE COMMENTS. RE-CODING IS ADVISED.
C (3) POSSIBLE STATE TRANSITIONS THAT MAY OCCUR ARE: 5 -> 1, 2 -> 4,
C 2 -> 7, AND 7-> 4.
C ----------------------------------------------------- --- -------------------------

COMMON/CNTRL/DELTAT. DELTSP. ECOFLG. IDELT. IDENT(20), IDTPRV. IPEMS,
I IPSPR. IPAUX, IRATIO. ISAVE, ISCALE, ITFIN. ITIME, ITIM2,
2 ITSPRD. NPASS. TFINAL. IDBUG1. EPSLN. MAX ITR. MAXCUT,
3 JCBSKP
COMMON/FIRES/AFM(7),ASM(7), ISTATE(120. 15). ISTATS(9, 16.22).
1 IWORD(120.15),IWORDS(9,16.22).NFLM(7).NPYR(7),
2 RGS(lO,7).RSS(7),TOTGAS(1O),TOTSEMTRGF(1O).
3 TRGS(10),TRSFTRSS.NCE(30),VITNR.TOTVITRADFIR(30),
4 ACM(7),AF(30).AFIAEXP,COMB(30).DQKFLML(30),FSNI,
5 FSN2,FSN3,GAMMA(30). IBURN. IF(600). IGMNI. IGMNJ. IGMXI,
6 IGMXJ.IGNFIRIGNIJ)(2. 100). IGSN.ISFIRE(30).IVMAX(30),
7 IVMIN(3OhIVMNIVMX.IXFIREIZONE(3),JVMAX(3O),

8 JVMIN(3O),JVMN.,JVMX.K.NFE(3O).NFIRESNIJC.NIJSG,
9 NPE(30).NSFL(7),OMEGA(30),PDH,PIGN,RF(20,4),RFS(7,4),
I RFWSRGF(1,07),RQFK('10.RHOZ(30).RSF(7),RSFK.TDG.
2 TIURNI,UZ(30),YZ(30),ZB(30),RHOEFGCHIEFC(11).
3 FLOWIN. FLWOUT. TEFO. IFRVNT. GENRAT( 11), TDGMTL(7.,
4 TP(7),TPC(7)
COMMON/GASES/CHIL( 11, 5), CHXU( 11.5) CP. NOAS( 11), NSPCS. PAM'B, PF( 5),
I RHOARHOL5,RHOU5,TAM,TL5,TU5hVOLL5),
2 VOLU(5),ZD(5),XTHEN(120),WMOLEC(11).TWO(IOI),
3 JCOR(120)
COMMON/GMTRY/IMATL(20), IMATS(7). IMTLP(4). IMAX(30). IMIN(30).
1 IRAY(116),IRAYS(22),.JMAX(30),JMIN(30),LSN.MAXELI,NS,
2 CH,CL(4),CW,DWS.HSTS,IARX(40,15),IARY(40,12).ICLL,
3 ICLR. lEND. IFIRL. IFIRR. ILSTL. ILSTR. IONE(9).

4 ISSWLI(9,10),ISSWLJ(9,10ObISSWRI(9,10),ISSWRJ(910).
5 ISWSL(15. B), ISWSR(15. B), ISTARTNPRQJ.IPJUL. IP.JLL,
& IPJUR. IPJLR, JEND. JONE(9). JSTART NJS. NSG. NV, SGWD(9),
7 SL,SWD(20),VN(20,3),VENTH(24),VENTW(24).VENTT(24),
8 XMN(30),XMX(30),XCOR(9)..YCOR(9)oZ(30),SSGWD.TVSG,
9 HTI.HT2,HT3,HT4(10),NSSTS,SLSW,SX(30).SZ(30).
1 CNCTNS(24),NCOMPS,IFRCMP.FLOW(24).INTO(24),VTOTAL(4),
2 FHMIN
COMMON/MATLS/TABX( 18,7,6), TABYC 19,7,6), NTXG. FOX!.RADTAB(7). RADII

1 FOX(7),NMATLS,DOI,DQM(7),GAMI,GTAB(7),ITF(20),IRAMPT,
2 ITFC(20),ITFCS(7),ITFS(7),ITP(20).ITPC(20),ITPCS(7),
3 ITPE(20),ITPESC7). ITPS(7),OCI,aP(7),GTAB(7),RHOI.
4 RHOM(7),RSI,RTAB(7).RTGI(10),UTAB(7).CNDCTY(7) XMUI.

A- 5 3



7 DAl 9 ATNUNIV OH ESEARCH INST 
F/G 1/2A AT G~bIN FIRE MODEL, AERSION 3. AOLUME IT. PROGRAM--ETCIAI

AU~2_1 MACAM HO P !OT-FA74WA-3532

UCAElD UR- 8-16 0 V O-OT/FAA/CT-pA/69-2 NL

soil



5xMFI. TKNS(7), TSL(30, 2.4), TSP2 2,4). CPM(7), WIMTL(7),
6 WMIGFTKNSIN(7)
COMMON/PARAMS/GRAV P1. GTR, RGAS, SIGMA SOD, THOU. TOL, EC. EP
CO?*MON/RADTN/ALPC, ADSCF(30), EB, GC(2)

C SET ITM TO THE LARGE TIME STEP IN SECONDS (NOT MILLISECONDS)
C ITYP IS A FLAG TO INDICATE WHETHER LINING SURFS OR SEATS ARE BEING
C CONSIDERED. ITYP -1 -> LINING SURFS.

ITM-ITSPRD/1000
ISO

ITYP-1
C STMTS 10 THRU 40 FORM A LOOP TO SEARCH OVER ALL LINING SURFACE ELMNTS.
C THE ELEMENT STATES, FLAGS, AND CLOCKS ARE UNPACKED WITH SUBRS CVOUT
C AND CWORD. WHEN THESE VALUES ARE FOUND TRANSFER GOES TO STMT 100 FOR
C CLOCK AND FLAG UPDATING AND ANY NECESSARY STATE TRANSITIONS. CONTROL
C IS RETURNED INTO THE LOOP AT STMT 20.
C IEXTO KEEPS THE APPROPRIATE VALUE OF ITPE(I), THE TIME TO STOP
C PYROLYSIS FOR THE MATERIAL OF SURFACE I, WHICH WILL BE USED FOR 7->4
C TRANSITIONS
10 1-1+

IF(I.GT.LSN) GOTO 50
11-IMIN(I)
12-IMAX (I)
Jl-l

~J2-1 5
IEXTG-ITPE( I)
DO 40 11-11, 12
DO 30 JmJ1,J2
CALL CVOUT( IIJ, I.ST, ISTP, ITFCP)
CALL CWGRD(IWORD(IIJ). ITX. ITY)
GOTO 100

20 CONTINUE
30 CONTINUE
40 CONTINUE

GOTO 90
C SThTS 50 THRU S0 FORM A LOOP TO SEARCH OVER ALL SEAT SURFACE ELMNTS.
C UNPACK THE DATA. AND TRANSFER TO 100 AS EXPLAINED ABOVE. IEXTG NOW
C HOLDS THE APPROPRIATE VALUE"OF ITPES(I)
50 ITYPm2

ISSI-Lem
IlIMIN(I)
IZ-IMAX(I)

J222
DO 00 .J-.J1.J2
J 4KXRAYS ( J)
IEXTO ITPES C .K)
DO 70 11-11.12
CALL CVOUT(IIJ, ,IST, ISTP. ITFCP)
CALL CWORD(IWORDS(IS. II.J). ITX. ITY)
GOTO 100

40 CONTINUE
70 CONTINUE
s0 CONTINUE
C TEST TO FIND IF ALL SURFACES HAVE BEEN EXAMINED.
90 IF(I.LT.NS) OTO 10

GOTO 900
C THE FOLLOWING STMT SEPARATES ELNT TYPES 1. 3, AND 4 FROM 2, 5, 6, AND 7.
C TrANStTIONG FOR TYPES . 2. A2ND 4 ARE NOT CONSZDERED 9Y THIs InE
100 GO TO (220, 101,220,220 101, 101. 101), IST
101 CONTINUE

C IF THE PRESENT STATE AND PREVIOUS STATE ARE EQUAL TRANSITIONS ARE
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C ALLOWED, OTHERWISE ONLY CLOCK AND FLAG UPDAT!NG IS ALLOWED.

102 IF(IST EQ. ISTP) GO TO 120
C ELEMENTS SET TO STATE 7 IN THE LAST FLAME SPREAD PASS ARE SKIPPED

IF(IST. EQ. 7) GO TO 220
C UPDATE THE ITX CLOCK FOR ELMNTS OF TYPES 2, 5, AND 6 HAVING ISTP. NE. IST

110 ITX-ITX+ITM
C IF PRESENT STATE IS & REPACK IMIMEIATELY, IF IT IS 2 OR 5 SET ITY-
C (FORCES 5->1 OR 2->7 TRANSITION ON NEXT PASS IF NOT RESET IN PVOL OR
C PVOLS) AND THEN REPACK

IF(IST. EG.6) GO TO 210
ITY. I
GO TO 210

C CONTROL REACHES THE FOLLOWING STMT ONLY FOR ELMNTS IN STATES 2, 3, 6.
C AND 7 WITH ISTP - IST. DISPOSITION IS AS SHOWN
C STATE 2 -> GO TO 140 TO CHECK FOR POSSIBLE TRANSITION TO 7
C STATE 5 -> GO TO 140 TO CHECK FOR POSSIBLE TRANSITION TO 1
C STATE 6 -> GO TO 110 FOR UPDATE OF ITX AND REPACK
C STATE 7 -> GO TO 122 TO CHECK FOR POSSIBLE TRANSITION TO 4
120 GO TO (122, 140, 122

,
122,140,110.122). IST

122 ITX-ITX+ITM
ITEST-IEXTG
GO TO 170

C ITY . LE. ZERO INDICATES THAT THE ELMNT SHOULD NOT TRANSITION THIS PASS
140 IF(ITY.LE.0) GO TO 160

C ITY .GT. ZERO INDICATES TRANSITION TO 5->1 OR 2->7 IS TO BE MADE NOW
ITXmO
ITY-O
IF(IST. EG. 2) GO TO 150
ISTIa
GO TO 210

150 IST*7
GO TO 210

C UPDATE ITX, SET ITY TO +1 TO NOMINATE THIS ELMNT FOR TRANSITION ON THE
C NEXT PASS, AND IF THE PRESENT STATE IS NOT 2 GO TO 210 FOR REPACKING

140 ITX-ITX+ITM
ITYal

C FOR STATE 2 UPDATE ITFPC AND CHECK TO SEE IF THIS *FRACTION CONSUME"
C X1000 EXCEEDS 1000. IF SO TRANSITION TO STATE 4., CHARRED. ITYP - 2
C INDICATES THAT ELMNT IS FROM A SEAT GROUP

IF(IST. NE. 2) GO TO 210
IF(ITYP. EG. 2) GO TO 142

f XTPC-ITPC (I)
GO TO 145

1 2 XTPC-ITPCS(JK)
165 KTEP-(DELTSP/XTPC )*THOU

ITFCP-ITFCP+KTEMP
IF(ITFCP.LE. 1000) GO TO 210
GO TO 175

C CONTROL REACHES STMT 170 ONLY IF THE ELMNT IS IN STATE 7
C TEST TO FIND IF TRANSITION TO STATE 4 SHOULD NOW OCCUR BY COMPARING
C ITX TO THE TIME TO STOP PYROLYZING KEPT IN ITEST
170 IF(ITX.LT.ITEST) GO TO 210

C MAKE THE 2->4 TRANSITION OR THE 7->4 TRANSITION, DEPENDING ON HOW STMT
C 175 IS REACHED. NPE(I). THE NUMBER OF PYROLYZING ELMNTS ON SURF I. IS

C DECREASED BY 1, AND NCE(I)0 THE NUMBER OF CHARRED ELMNTS ON I, IS
C INCREASED BY 1.

175 NPE(I)-NPE(I)-1
190 IST*4

NCE( I)NCE(I)+1
ITXO
ITY-O
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C THE NEXT 10 ST'TS REPACK STATE AND IWORD OR ISTATS AND IWORDS WITH
C THE NEW ELMNT DATA. ISO USED TO MAKE SIGN OF ITX COMIATIBLE WITH ITY.
210 ITEMP-ITFCP*100 ISTP*1+O IST

ISO-i
IF(ITY. LT. O) ISO=-I
ITKITY10000'ISG*ITX
IF(ITYP. EQ. 2) 00 TO 215
ISTATE( II J)"TEMP
IWROD( II. J)mITK
GO TO 220

215 ISTATS(IS. II,-J)-ITE'IP
IWORDS(IS. IIJ)-ITK

C STMT 220 DIRECTS CONTROL BACK TO THE LOOP SEARCHING LINING SURFS OR
C SEATS AS DETERMINED BY ITYP: ITYP-1 -> LINING SURF, m2 -> SEAT.
220 IF(ITYP-1) 60.20.60

C
500 CONTINUE

RETURN
END
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SUBROUTINE AP

C OUAKCTIVE(S)
C (1) COMPUTE TOTAL AREAS OP EACH MATERIAL CURRENTLY FLAMING. SMOLDERIENG
C AND CHARPED.
C (2) COMPUTE TOTAL RATE OF SMOKE EMISSION BY ALL MATERIALS (SMLDRO
C AND FLAMlING) AMD TOTAL RATE OF EMISSION OF EACH GAS BY ALL MATLE
C (ILORNO AND FLAMING)
C COMMENTS
C (1) RATES OF SMOKE AND GAS EMISSION FOR FLAMING MATERIALS (BY MATL
C TYPE) IS COMPUTED UPSTREAM BY SUDE TEST AND ADDED TO THE SMLDRG
C RATES COMPUTED HERE.

COIMgONCNTRL/DEtLTAT* DELTSP s ECOPLO, IDELT. IDE14T (20), IDTPRV. IPEMS,
I IPSPR. EPAUX. IRATIO. ISAVE, ISCALE. ETFIN. ITIME, XIPIZ
2 ITSPRD. NPASS. TFINAL. IDBUGI, EPSLN. MAX ITR. MAXCUT,
3 JC.JSKP
COMMON.'PIRES/AFM4T),ASM(7), ZSTATEC12O. 15). ISTATICY. 16.22),
I IWORD(120.15).IWORS(91.22).NFLM7)NPYR7),
2 RSS(IO.7).RSS(7).TrJTQAS(1O),TOTSEMTRGV(I10,
3 TRGS(IO),TRSFTRSSNCE30).VITNR.TOTVIT.RADFIR(30O
4 ACM(7) APC3O). API. AEXP. COMD(30). 00K.FJL(L3O). FSII
5 FSN2, FSN3. GAI9IA(30). IDURN. IF(60). IGMNI. 10194.J. IGMXI.
4 EGMXJ. IONFIR. IGNIJ(2. 100).s IOSN. ESFIRE(30) - IVMAX (30).p
7 IVMIN(3O). lyNN. lMX. EXPIRE. EZONE(30), .VMAX(30).
a "JVIN(30). -IVMN. JVX. K. NFE( 30). WNIRES, NIJC. NIJUG.
9 NPE(30).NSFL(7).OlqOA(30),PDH.PIGN.RF(20.4),RFS(7,4).

I RFWS.RGF(10,7),RGFK(1O).RH0Z(30).RF(7).RUPKTDO.
2 TOURNIaUZ(30).YZc3), ZD(30),RHOEPGO.CHIEFG(llh r
3 FLOWIN. FLWOU~T, TEG. IFRYNT. QENRAT( 11). TDGIMTL(7)
4 TP(7).TPC(7)
COMO/GASES/CNILC 11, ). CHIU(11, 5). CP. NGAS( 11).NSPCU. PAID. PF(5).

I RHOAM* RHOL (5),1RHOU (5). TAM. TL (3), TU(5). VOLL (5).
2 VOJLULS), ZO(5).XTNEN(120).WMO)LEC(11), TWO(101),
3 JCCR(120)
COMONGMTY/IATL(20). IMATS(7). EMTLP(4). IMAX(30), ImIN(30)I

I liRAV(114). IRAYS(22).JMAX(30).JMIN(30)LN.MAXELI.NS.
2 C1.CL(4),CWsDWS.HSTS, IARX(40, 15), ARtY(40. 12). ECLL.
3 ICLR. IEND. IFIRL. IFIRR* ELSiL. ELITR. IONE(9).
4 EIuSdLICY. 10)# ISUWL-JCY. 10)s 1551E(9s 10). ISSWJ(9. 10).
3 ISWUL (15. W)e ESWSR( 15s 6). ISTART. NPROJ, IPJL, IPJ)LL,
6 EPJURS IPJLR. wJENDm (9EC). JUTART. NJSg. NUG. NV. SGOW0(9).
7 SL,gSdD(20).VN(20,3),VENT4CI4).VENTI(24), VENTT(24).
a XM(30).XMX(30).XCOR(9).YCOR(9).Z(30).SSGWD.TVSG.
9 HTI.HT2,HT3.HT4(10).NSSTS,SLSW.SX(30).StZ(30),
I CNCTNS(24).NCOMS. IFRCMP.FLOW(24). INTO(24),VTOTAL4),
2 FIWMIN

COMMON/MATLS/TADX(1U 7. 4).TADY(1.7. A),NTXG.FOXI.RADTAD(7).RADE.
1 ~FOX(7)pNMATLS. DGI DM7,GII. GTAS(71. ITF(20). IRAMPT.

2 ETFC(20). ITFCS(7). ITFSC?). 1TPC20). ITPC(20). ZTPCS(7),
3 ITPE(20). ITPES(7).ETPU(7).GCI.GP(7),QTAI7).RHI.
4 RHOM(7).RSZ.RTAU(7),RTGI(10,IUTA(7),CNDCTY(7).XMUI.
3 XMFI.TKNSC7). TSL(30, 2,4).TSP(2,2. 4),CPMC7).WMMTL(7),
& WMIGFPTKNOIN(7)

COMI'ON/PARAMS/GRAV. P I# QTR, RGAS. SIGMA. SQID. THOU. TOL. EC, EP
COII'IN/RAOTN/ALPC. AU9CF(30).ED. GC(2)
DIMENSION NCM(7)

C SET COUN4TERS FOR THE NUMBER OP FLAMING. SMLDRG. AND CHARRED ELMNTS
C TO ZERO. INDEXES ARE MATER IAL NUMBUER

DO 10 P1I. NMATL8
NPLM (H) 0
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NCM (M) 0
10 NPYR(I)uO

C SEARCH THE LINING SURFACES FOR SLANTS SMLDRG (STATE -2 OR 7), FLAMING
C (STATE u3), OR CHARRED (STATE - 4) AND COUNT THE NUMBER OF EACH.
C MATERIAL TYPE OF EACH SURF IS DETERMINED BY ARRAY IMATL(SURF NO).

ITOTAL -IMAX(LSN)
DO 30 o1, ITOTAL
IX-IRAY(I)
JXIMATL( IX)
DO 20 J-1, 15
CALL CVOUT(I.J. IX. IST, Ii, 12)
IF(IST.Nr.2. .OR. IST.NE.7) GO TO 15
NPYR (JX)inNPYR (JX)+1
0O TO 20

15 IF(IST.NE.3) GO TO 17
N.(4X)-NFLM(JX)+

17 IF(IST.NE.4) 0O TO 20
NCM(JX)-NCM(JX)+ +

20 CONTINUE
30 CONTINUE

C SEARCH EACH SEAT GROUP FOR ELMNTS IN STATES 2, 3. 4, OR 7 AND ADD THE
C COUNTS IN EACH STATE TO THOSE FOUND ABOVE. SEAT SURFACE IS IDENTIFIED
C USING ARRAY IRAYS AND SURFACE MATERIAL BY ARRAY IMATS.

ITLSN+ 1
Oq 70 KKITNS
z ImIMIN(KJK)
12-IMAX (KK)
DO 60 Jl-,22
JKIRAYS(J)
IXIMAT(JK)
00 50 1-11. 12
CALL CVOUT(I. , K14. ST, UETP. ITFCP)
IF(IST. NE. 2. .OR. IST. NE. 7) GO TO 40
NPYR(IX)mNPYR(IX)+1
gO TO 50

40 IF(IST.NE.3) 00 TO 45
NFLM(IX)-NPLMCIX)+l

45 IF(IST. NE. 4) 00 TO 0
NCH(IXYNCPI(IX)+l

50 CONTINUE
40 CONTINUE
70 CONTINUE

C COMPUTE AREA IN EACH STATE BY MULTIPLYING NUMDER OF ELPINTS BY THE
C ELMNT AREA. AREAS ARE REPORTED IN SUBR OUTPUT

DO SO P1 INMATLS
T1#4PLM( N)
T2WNPYR (M)
AdY(M)-TI*lGD*WD
ACH (M) -NCM ( M) *QD*SGD

SO ASM (P1) -T2*$GD*SGD
C SUM OVER ALL MATL TYPES THE RATES OF SPIOKE AND GAR EMISSION FOR
C SMOLDERING ELMNTS. FIRST SET THE SUMMATION VARIABLES TO ZERO.

105 TRSS-O.
DO 110 00.1,NTXG

110 TRGS(IG)-O.
C THEN SUM OVER THE NUMBER OF MATERIALS.

DO 120 1MP1,NIATLS
xximNPYR( IN )
TRSSnTRSS+QTR*XXM.RSS ( Ill)
DO 115 I0-, NTXQ

113 TROS(IG)TR8S(g)+QTRXXM*RGS (IZ, IN)
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120 CONTINUE
C ADD ThE TOTAL SMOKE AND GAS SMLDRG EMISSION RATES TO THE RATES FOR
C FLAMING EMISSION FOUND IN SUOR TEST.

TOYTSEM-TRSF+TRSU
DO 125 IG-1.NTXO

125 TOTOAS(IG)=TRQF(IG)+TRGS(IG)

XX a 0.
DO 127 IMl*,NMATLS

127 XX - XX + TDG9TL(I1) /(WMMTLtIm) Q TASIM)
XX - XX + IDUN * 0G1 * API WM CUIZOP * Gd

C

C
GENRAT(1) a0.
QENIRAT(2 a -TOTYIT
GENRAT(3) m0.
GEPRAT(4) -44. * XX
GENRAT(5) a18. * XX

C
D0 130 IG-1,NTXQ
GENAT(5+tG) -TOTGASC 10)

130 CONTINUE
C

RETURN
ENID
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SUBROUTINE RESET
C

COMMON/CNTRL/DELTAT,DELTSPECOFLG. IDELT. XDENT(20). IDTPRV. IPEMt!.
I IPSPR. IPAUX. IRATIO. ISAVEISCALE. ITFIN. ITIME. ITIM2.
2 ITSPRD. NPASS. TFINAL. IDDUGI. EPSLN. MAXITR. MAXCUT.
3 JCBS)P
COMtIO/FIRES/AFI4(7).ASM(7). ISTATE( 120. 15). ZSTATS(9. 16.22).

I IhIRD(120.15),IW0RDS(9,l6,22),NF14(7),NPYR(7).

2 VOLU(105) Z().THEN 12),WOE1).TOT WTOF( 10).
3 TCORCI2O),TSRSNE3)VTRTTI.AFR3
C4M /GTR/MT(2). IM0)AS7FIMTLXPC(. IMA(0).IMI(30),FNI
1 FSNAY1IN.1RAY52A X3Oh,.JMN3. LS),QNZMXELI.NS.,

4 ISSWL.I9,10).ILJC9.100.SWI9).I.SISSWR0,JYA(0).
7 ISWSL(15. )I.IXIWR(5 .ISRT.IZNPRO)J. IPJUL, IL
6 JURINP3.JLR.N .JEND. N9).STA. NIRS NO. N SY.
9 SL.SW(30)VN(2).ENH(30).VEPINW(20,4VENTT(7,4)
I XMN(3.XM(3.),XCOR(9O).YCOR(3)ZC30).SW.TVG.
2 T1.HT2.HT(30)H4(0)NS3S.LSW.X(30.HZC3I),

3O O/MTL/TWXIS.F7.6).1A3Y(1.7. &)TX.FOXI.RA1),DT(7)R,
4 TP(7-).NALSDIDG().CI.QA(7.TC2)IRMT

3 M/ASSCIP(1O). ITPES(). ITP.NQCZ().SPT.A17).RNOI.
I RHOI'I(7RSI.5)RTAD()RATSI(),TU(7),CDT(3).XUI
2 XIF.(5NSC7(),TL(24).TSPL(2 ).CPM(7O).NT()

COMMON/RADT/A()MATPC.A7CF(3). G (42) A(3)IIN3)

C I1 XMIE H CRY1REN TT ALL22. ELMENTS. 1ST3.N THE EIOUS
C 2TT.IT,(PEIU TT IHC(),WDSHTHSATE JUST DEPONE THE STARTL
C 3FTELS FLMESPED CALULATFIONS) I TE TO SATE AR NO

C AST5 H FSWLME SPREAD 5 CALCI.,PRJ.P%)LPL
C ----------- - - - ---- - - - - - - -,JS NSONV.GWD 9)

C LOPOVRA.LVLUSO TEJ NE
COMNMTST1X1,.)T-08,.)NX.OI.ATB7.AI

20 FJ-,JNA,1D~D(7,^lQTB7.IF2).RM
CAL COTIT.C,12. 5WITFC)IF()IP2)IP(0,TC(

3 TP(2)*TPS()-TP(7,QIA-16TA(7,R3I

4 RHM(7,RSIRTA(7).TOXIO),TAB7),CDCT(7).M(F



C IF ISWP IS NOT - IST. SET ISTP - ST AND REPACK ISTATE
IF(IST.EQ.ISTP) 0O TO 30
ZUTP-IST
ISTATIE( I..J)-ITFCP*100*ZSTP*lO.I3T

30 IFW,.LT.JMAX(1)) 00 TO 20
IF(I. LT. MAXELI) GO TO 10

C PART TWO - EXAMINE ALL ELEMENTS ON SEAT SURFACES
C 19 - THE SEAT GROUP NUMBER (1.,3,...) AND X*X3.LSN
C LOOP OVER THE SEAT It INDEX

I-LSN
40 1-1+1

C LOOP OVER THE SEAT .JJ INDEX
Jj-o

50 .j~jjj41
11-0

40 11-11+1
CALL CVOUT(1..I. IST. ESTP.ITFCP)

C IF Z3TP IS NOT a IST, SET ISTP, a IST AND REPACK ISTATS
IF(ISTP.EQ.IST) GO TO 70
ISTPIST
ISTATSI 13.I.JJ)uITPCP*100.ISTPe1O+IST

70 IF(II.LT.IMAX(l)) GO'TO 40
IF(%.J.LT.JMtX(X)) GO TO 50
IF(I. LT. NE) 00 TO 40

C
RETURN

END
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SUBROUTINE ISIDE(IFF, ISD)
C

C OBJECTIVE(S)
C (1) UNPACKS DATA FROM ARRAY 'IF" TO DETERMINE WHICH ELEMENTS, IF ANY,
C ADJOINING A GIVEN FLAMING ELEMENT ARE ALSO FLAMING. F.P. 'FF"
C IS THE VAt.UE OF IF. ARRAY ISD(L) IS RETURNED WITH
C ISD(L) -0 IF SIDE L ADJOINS ANOTHER FLAMING ELEMENT
C ISD(L) -1 IF SIDE L DOES NOT => IS ON EDGE OF A FIREC NUMBERING OF SIDES IS AS SHOWN
C
C L-2
C XXXXXXX -- > I INCREASING
C x x
C L-3X XL-4 ^
C x x x J INCREASINGC xxxxxxx

C LaI
C ----------------------------------------------------------------

DIMENSION ISD(4)
ITl-IFF- IFF/IO)*lO

IT-IFF-ITI
IT2-IT-(IT/I00)10oo

IT-IFF-IT2-ITI
IT3-1-T-(IT/I000)*IOo0
ISD(4)-IFP /000
ISD( 1) O
IF(IT1. GT. 1) ISD(1)-l
ISD(2) IT2/10
ISD(3)-IT3/100
RETURN
END
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SUBROUTINE CVOUT(1I,J. 1. 1ST. ISTP. ITCP)
CO0N/IRE/AFM(7)ASr(7), ZSTATE( 120. 15). ZSTATS(Y. 1&.22).
I ZWORD(120.15),IWORDS(9,16,22)NFLI(7).NPYR(7).
2 ROSIO.7V.RSS(7),TOTQAS(10),TOTSEM.TRGF(10).
3 TROS(IO).TRSP.TRSSNCE(30),VITNR.TOTVIT.RAFR(30)
4 ACM(7). AF(30). AFI. AEXP, COMq3C30), DOK. LMLC3O). FSNI.
5 FIN2 FUN3, BANMA(30). IDURN. XFC600). ZOPNI. IGMN., ZOPXI.
& IMX.js ZONIR, IGNIJ(2, 100). lIN. ZSPXRE(30), IVPIAX(30),
7 IVPIIN(30). IV?94. lyX. IXFIRE. IZONE(30),JVr1AX(30),
8 JVNIN(30). JVPIN. JVPX. K.NFE(30). NFIRE3,N CNI X.IG
q PE(30).NSFLc7),OMEGA30).PDH.PIGNRP(2.4).RFS(7,4).
I RFdI.ROFC1O,7).RQFKCIO).RHOZ(30),RIP(7),RSFKTDQ
2 TUIURNIUZ30).YZ(30),Z330),RNOEFOCHZEPOI.)
3 FLOWIN. FLUOUT. TIEFO.IFRVNT. OENRATC 11). TDGPITL(7),
4 TP(7).TPC(7)
COWI4ON/OMTRY/IMATL(2),XMATS(7),ITLP(4),PAX(30.,IIN(30),

I ~IRAY(C11&.IRAYIS2),JMAX(30,J1N(30,LSNMAXELIN,
2 CH4. CL (4). CW, O. MOTS, IARX (40, 13), ZARY (40, 12). ZCLL,
3 ICLR. lEND. IFIRL. IFXRR. ILSTL, ILUTR. IONE(9).
4 ISU&LI(9. 10). I3EdLJ(Y. 10)I 1bR(9. 10). ISIdR.J(9. 10).
5 IUWUL(I5. 3).I XUE(15. ), ISTARTNPR.J. IPJUL. IPJLL,
6 IP,)UR, IPJLR.AND. JONE (9), JUTART, NJS. NEO.NV, SOWD (9),
7 ILSWD(20).VN(20.3hVENTCI4),VENW(24).VENTCS4),
a XHNt3O),XMX(3O).XCOR(9),YCO)R(9).ZC30).SSWD.TVSQ,
9 HT1.H4T2,HT~sHT4(10),NEITS.SLSW.SX(30).SZ(30).
1 CNCTNE(24).NCOIPU. FWCMP.PLOW(24). INTO(24),VTOTAL(4).

C 2FI -- - -- - - - ----

C OBJECTIVE(S)
C (1) TO UNPACK ISTATE AND ISTATS. FP. '1' 15 THE SURFACE NUMBDER,
C 'II-JJ' ARE THE ELEMENT INDICES
C COMMENTS
C (1) WMEN DEALING WITH SEAT EWINTS '12' IS TH4E SEAT GROUP NUMBDER
C ------------ -------- --- -

IF(I. OT. LSN) GO TO 10
ITEMP-ISTATECII. JJ)
O0 TO 20

10 I1inI-LEN
ITEMP-2ETATE( XE. I. JJ)

C
20 IBT-ITEIP-( ITEMP/10)*10

ITinITEMPIST
thTP-CIT-( IT/IOO).1OO) /10
ITFCPaITEPIP/ 100
RETURN
END
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SUBROUTINE CWRD(IX, ITX. ITY)
C----------
C OBJECTIVE(S)
C (1) UNPACKS DATA IN IWORD AND WORDS, RETURNING VALUES OF ITX AND ITY
C
C ----------------------------------

C
IF(IX.LT.O) GO TO 10

C
I50.1
ITEMP-IX
O TO 20

C

10 SG.-I
ITEMP--IX

C
20 ITXmXTEMP- (ITEmP/10000)*l0OOO

ITY-, TX'-ISQ*ZTX)/10OO0
C

RETURN
END
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SUBROUTINE LINT(NO, X,M.Y)
COMMON/MATLS/TABX(18, 7,6).TABY(I8, 7,6),NTXG, FOXI, RADTAB(7),RADl,
1 FOX(7),NMATLSoDOI,DGM(7),GAMI,GTAB(7),ITF(20),IRAMPT,
2 ITFC(20),ITFCS(7),ITFS(7),ITP(20),ITPC(20),ITPCS(7),
3 ITPE(20),ITPES(7),ITPS(7),GCI,GP(7),GTAB(7),RHOI,
4 RHOM(7),RSIRTAB(7),RTGI(10),UTAB(7),CNDCTY(7),XMUI,
5 XNFI,TKNS(7),TSL(302, 4),TSP(2,2,4),CPM(7)WMMTL(7),
6 WMIGF, TKNSIN(7)

C
C OBJECTIVE(S)

C (1) PROVIDE LINEAR INTERPOLATION IN TABLE OF MATERIALS DATA FOR
C VALUES OF RADIATION LEVEL SUPPLIED AS F.P. 'X'. F.P. 'NO'
C IS THE DATA ITEM TYPE, 'M' IS THE MATL NUMBER, AND 'Y" IS
C THE INTERPOLATED DATA VALUE RETURNED.
C COMMENTS
C (1) IF RADIATION VALUE IS LESS THAN THE FIRST VALUE OF THE
C PROPERTY IN THE TABLE, THIS FIRST VALUE IS RETURNED. IF THE
C RADIATION IS GREATER THAN THE LAST VALUE, LINEAR EXTRAPOLATION IS
C USED TO FIND THE RETURNED PROPERTY VALUE.
C (2) THIS SUBR. ASSUMES SIX ENTRIES IN EACH TABLE.
C --------------- ------------------------- ----------

MAX-b
LO
I-1
IF(X. GE. TABX(NOM,I)) GO TO 20

C RADIATION LEVEL IS LESS THAN THE LOWEST ENTRY IN THE RAD TABLE
10 Y-TABY(NOM,I)

GO TO 70
C

20 IF(X-TABX(NO,M,I)) 50,10,30
30 IF(I.GE.MAX) GO TO 40

1-1+1

GO TO 20
C
40 L-1

C
50 Sa(TABY(NOM,I)-TABY(NOM,I-1))/(TABX(NOM,I)-TABX(NOMI-1))

IF(L.GT.0) GO TO-60
Y-S*(XTABX(NO, M,I-1))+TABY(NO.MI-)
GO TO 70

C RADIATION LEVEL IS HIGHER THAN THE HIGHEST ENTRY IN THE RAD TABLE
60 Y-S*(X-TABX(NO,M,I))+TAY(NOM,I)

C
70 RETURN

END
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" -- I'' * S *".. .. .. .. . . .. -

SUBROUT INE ERROR (NO)

C
C -

C OBJECTIVE(S)
C (1) PROVIDE ERROR CHECKING MESSAGES FOR CABIN GEOMETRY INPUT DATA

C COMENTS
C (1) VALUE OF F.P. 'NO' SUPPLIED BY SUBR. RDQMTY IDENTIFIES ERROR TYPE

C - - ------------------------ -------- -----

WRITE(6, 5)

5 FORMAT(.Hl/5X, 37H**PROGRAM TERMINATION--- INPUT ERROR*)
GO TO( 10, 20, 30, 40. 50),NO

C
10 WRZTE(6,15)
15 FORMAT(5X,21HMORE THAN ZO SURFACES)

GO TO 100
C
20 WRITE(6, 25)
25 FORMAT(5X.23HMORE THAN 9 SEAT GROUPS)

GO TO 100
C
30 *WRITE(6,35)
35 FORMAT(SX, 26HCEILING SURFACES--SEQUENCE)

GO TO 100

40 WRITE(6, 45)

45 FORMAT(5X,17HN0 OF ELtEM GT 120)

50 WRITE(6, 55)

55 FORMAT(SX,26HN OF ELEM ON FLOOR GT 6OO)
C

100 RETURN
END

A-167

JI
. ... ... ...... . .. "-"'" - - ... .* - ... . . - : ' " ' 4 '"". ... . . ..- , -.,..: I.



APPENDIX B

EXPRESSIONS FOR SEVERAL QUANTITIES
USED IN THE MODELING OF INTERIOR FIRES

Equation (4-13) of Volume I gives the rate of entrainment of lower zone
gases into the plume region of an interior fire. The expression contains the
quantities ys, ua, and ps which are, respectively, the fire column radius,
qas velocity, an gas density at the top of the combustion zone. These quan-
tities can, in turn, be written in terms of the characteristics of the fuel
vapor at the fire base: &Hct the effective heat of combustion of the fuel
vapor; y, the stoichiometric oxygen-to-fuel mass ratio; po the fuel vapor
density; and uo  the fuel vapor "blowing" velocity at the fire base plane. In
addition the expressions for ys, etc. involve the quantity w whi h is computed
using the lower zone temperature, T1, and oxygen mass fraction XE2, and the
radius of the fire base, yo.

With the above definitions of symbols, the expressions for w, ys, us,
and Ps are:

- X/ p I + X1o2  c (B-i)

Ys = 1.19Yo0E cl/5[3(1-w)]-1/10 (B-2)

[(1 + Y/xo52 ) / (WP/ + YlX 1 11

[Pu / (P v)] 2 / 5

us u o(yo/ys ) 2 [1 + (-fo/x0 ) / (Wpt/po)] (8-3)

PS * W(1 + Y/X 2 ) / (WP /P + y/X0 2) (B-4)

*-.S. VOsWsoN PWffMiwp n FF1Mic 11 50 067 3lt.




